BUNEAU OF STANT 


MAY 15,1920, ex PRICE 25 CENTS: 


























VOLUME VII) 
} SPECIAL FEATURES 
t /f : 
Number 8 // THE AVORIO-PRASSONE KITE BALLOON 


4 STATIC PRESSURE GRADIENTS IN WIND TUNNEL WORK 
PRODUCTION AND MAINTENANCE OF AIRCRAFT 
THE CLAUDEL CARBURETOR 


THE LIFT OF HYDROGEN 


PUBLISHED SEMI-MONTHLY 


BY 
THe GARDNER, MOFFAT CO., Inc. 
HIGHLAND, N. Y. 


HARTFORD BUILDING, UNION SQUARE 
22 EAST SEVENTEENTH STREET, NEW YORK 
: _Applieation for entry as Second Olass Matter at the Post Office at Highland, N. ¥., pendin: 





AVIATION 


the Tasks of Peace”’ 


Produced in the United States 


Have you ever stopped to consider 
that Molybdenum is the only 
“commercial steel alloying ele- 
ment” produced in the United 
States in sufficient quantities to 
take care of our growing domes- 
tic industries? 

In fact, the world’s chief source of 
supply lies right in the town of 
Climax, Colorado. 


Thus is the American steel industry 
assured of a continuous supply 
under any conditions. 


The superior commercial properties 
of the Molybdenum Steels are 
completely set forth in our 
book, “Molybdenum Commercial 
Steels,” which will be sent upon 
application to 


Climax Molybdenum Co. 


or 


The American Metal Co., Ltd. 


61 Broadway, New York 
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Engineering With Honor 


From the very start, the unvarying principle of The Glenn L. Martin 
Company has been that its Airplanes should be 


“Built the Best of the Best” 


A factor of safety is maintained throughout, of seven times the ne- 
cessary strength. The superb twin motors represent the finest develop- 


ment of modern engineering. 


The records of flying and training show that from the time the Govern- 
ment bought its first airplane, until 1916, U. S. Army Officers spent 
more hours in the air in Martin Planes than in those of all other makes 


combined, without the record of a single fatality. 


Forward looking executives are invited to interest themselves in com- 
mercial dividends which can be earned by Martin Airplanes. 













THE GLENN L. MARTIN COMPANY 


| CLEVELAND, OHIO 
Nea — Contractors to the U. S. Army, Navy and Post Office Department 


Member of the Manufacturers Aircraft Association 
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FFICIENT and continuous propeller performance can be obtained 

only through the careful corelation of a proper design with work- 
manship and material of highest quality. A well designed propeller 
manufactured in a shoddy manner is a most dangerous deception 
which may at any time require as its penalty the life of the occupants 
in the plane that it drives. 


It is the honest desire of the Hartzell Walnut Propeller Company to 
put honor behind every operation on a Hartzell WALNUT Propeller. 


If a defect develops in a blade manufactured by our Company which 
can be traced to any fault of manufacture, we will gladly replace the 
blade with a perfect one. 


We are equipped with efficient up-to-date machinery and we are able 
to build propellers carefully and accurately. Our aim is properly to 
corelate engineering and manufacture and to approach as closely to 
perfection as natural laws will permit. 


Hartzell Walnut Propeller Company 


PIQUA, OHIO, U. S. A. 


All processes of manufacture 
“From the Walnut Log to the Finished Propeller Blade” 
controlled in our own factories. 
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wr the experience of the perform- 
ance of over fifty thousand Hispano 
engines in the Allied Air Service during 
the entire period of the late War, this 
Organization is producing in the Wright- 
Hispano Aeronautical Engine an aircraft 
motor for commercial and sporting planes. 





New degrees of flexibility, new ratios of 
weight to horse power, new standards of 
reliability have been the lessons learned. 


With this experience also comes an obliga- © 
tion—that the lessons of the yesterdays 
must intensify the strivings for the per- 
fections of the morrows. 


As a full appreciation of this obligation to 
the plane manufacturer and owner, each 
Wright-Hispano Engine bears the Seal of 
Integrity of this great Organization. 








There are available for immediate delivery 
180 H. P. (Model E) Engines to recognized 
plane manufacturers and responsible owners. 
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rT ‘he LANDING GEAR and TAILS 
SKID, shown above, attached to an 
| AEROMARINE 39°B HYDRO, a number 
of which the Navy are offering for sale at 
$35000°% each, make a fast /lying. slow 
landing, reliable aeroplane procurable ata 
very lowcost; an excellent machine for 
PaSSENGCT CATILVING. This Landing Gear & 
| Hail Skid complete is being furnished by the 
'Aeromarine Plane and Motor Company, =—| 
Eypart, J.for $350°° FOB. Factory: Pram 
deliveries can be made on afew sets of this 
equipment. 
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AND THEIR UNIVERSAL APPLICATION 
ENGINEERING INFORMATION 
issued at frequent intervals to show practical mountings of New DerasTrure Bau Seamines for securing 
correct installation, | epereting efficiency and economical service. BINDER ON REQUEST 


by 
New Departure Mro Co Bristo, Conn No. 104. 
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Ball Bearings in Gnome Airplane Engine. 


The fast, single seater combat airplanes so widely used in the World War are sup’ 
plied with the Gnome revolving cylinder engine in the nine or fourteen-cylinder forms in 
many cases. This engine is the lightest known for a given power because of the air 
cooling feature. The liberal use of ball bearings at all important rotating parts is a basic 
factor in determining engine efficiency and it is agreed that the use of ball bearings makes 
this engine design entirely practical, while plain bearings would never stand up to the 
severe work. This engine is described briefly in “Motor Age,” as follows: 

“A new Gnome, which is about the latest of this type to be built, is known as the 

no-soupape or single valve engine. The nine cylinders are extended for some distance 
the crankcase which is filled with a very rich fuel mixture, and through these exten- 
ports are cut at such positions that they are uncovered by the pistons toward the 
the power and suction strokes. The exhaust valve opens sufficiently early on the 
troke to allow the gas pressure to drop near to that of the atmosphere before the 
orts are uncovered, so that there will be little tendency for any gas to pass in 
rection through the ports at the end of the stroke. The gas mixture in the 

: is so rich that there is no chance of backfire. 
the suction stroke the exhaust valve remains open long enough for the cylinder 
ly filled with fresh air. The valve is closed in time to cause the pressure to 
+ atmospheric and draw in a charge of the rich gas when the intake ports are 
This charge mixes with the pure air already in the cylinder, forming a com- 

xture, which is compressed and ignited as usual.” 


New Departure Engineering Bulletins aim to illustrate 
all types of mechanism that can use ball bearings to 
advantage. New sheets added each month. Helpful, 
elustel@etile@rulceletstecli h@metlsctu a 

This service free to designers, builders and buyers of 
machinery. 


THE NEW DEPARTURE MFG. COMPANY, 
Detroit BRISTOL, CONN Chicago 
818 Ford Bldg. 21 S. Mich. Ave. 
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ONSTRUCTORS and designers very often blame the 
wind tunnel for giving them results which are not in 
accordance with their tests. In their eyes, the wind 
tunnel is totally discredited thereby. It is however 

quite possible that the fault lies not in the wind tunnel, but 
in the model presented. This is because there is a general 
tendency among model makers to underestimate the accuracy 
of construction required in such models. In most pattern 
making, an error of 1-100 of an inch is of small importance. 
But an aerofoil with this error is useless for testing purposes. 

A recent National Advisory report emphasizes the value of 
accuracy, and lays down definite rules for the construction of 
such models. Thick sections should be made of wood, thin 
aerofoils should be made of aluminum or some other light 
metal, and bodies should be made of wood. Besides accuracy, 
the weight of the model should be kept down. Even radiators 
ean be duplicated with fair accuracy. But, the construction of 
a model in order to give really valuable results should be a 
matter of great care and study. 

This report, will no doubt achieve a useful purpose in 
emphasizing the value of accuracy and care in the making of 
scale models of aircraft for use in wind tunnel work. 





Alcogas 

The Bureau of Standards has recently conducted a very 
exhaustive test on the properties of Aleogas. The tests were 
made in the altitude laboratory on a 12-cyl. Liberty engine, 
and consisted of a direct comparison between Alcogas and 
standard export grade aviation gasoline. A wide speed range, 
a wide altitude range, and a large compression range were 
covered. From this it is seen that he tests were very exhaus- 
tive, yet it it not quite clear whether Aleogas can be immed- 
iately recommended for use in airplanes or not. In some 
respects, the new gas, which is a mixture of 40 per cent alcohol, 
35 per cent gasoline, 17 per cent benzol, and'8 per cent of other 
ingredients, is far superior to gasoline. In other respects, 
it is inferior. ~ 

All tests showed, at least as far as the operating staff could 
tell qualitatively that the engine ran more smoothly with 
Aleogas than with gasoline. 

While at ground level, the two fuels showed the same 
maximum brake horse power, but at all other altitudes 
Aleogas gave the engine a higher brake horse power. 

Aleogas also showed a 15 per vent higher thermal efficiency 
than gasoline. Of course, in terms of brake termal efficiency, 
this only means 4 or 5 per cent in favor of Alcogas. 

As an offset to these advantages, the test showed that as 
a result of the much lower heating values per lb. of the new 
gas, the fuel consumption by weight has to be much greater 
than when gasoline is employed. When gasoline consumption 
is compared on a volume basis, this difference disappears 
however, the new fuel being much more dense. 

From an engineering viewpoint, it is clear the new gas 
cannot be used indiscriminately. When a military machine is 
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employed, the greater power obtainable in the engine by the 
use of the new gas will be a strong argument in its favor. 
In a commercial machine, where the useful loading is to be 
carefully considered, the greater fuel consumption by weight 
will be an important factor against Alcogas. 

For a military machine, with a fairly large range, the same 
argument will apply. Just as air-cooled motors may give less 
performance, owing to their effective weight being increased 
by a higher fuel consumption, so the increasing power of the 
engine may be offset by a greater weight of the new fuel 
having to be carried. ; 

Operators of airplanes, whether military or commercial, will 
ultimately learn, by experience, on what particular machines 
it will be best to utitlize this interesting product. 


Airplane Ranges 


A very elegant mathematical paper by Dr. J. G. Coffin, 
somewhat terrifying in places, gives us a few practical con- 
clusions regarding long range flight. 

A machine should fly at a constant angle of attack 
corresponding to the maximum value of weight for total 
resistance of the machine. The range is practically the same, 
whether the machine flies high or low. Flying high is an 
advantage because the time is reduced if the range remains 
the same. Flying at maximum speed means a.very much 
diminished range. 

These practical conclusions are of the highest value. They 
are not new, but it is always an advantage to have a rigid 
theoretical demonstration for widely accepted rules. 





Side Slip Landings 

Some recent tests conducted by the chief test pilot of the 
Aireo, indicated that with a machine flying at 70 m.p.h., and 
passing over a height of 75 ft., landing was made in a straight 
glide of 461 ft. With a side slip of 8 deg. this distance was 
reduced to 328 ft., with a side slip angle of 13 deg. the land- 
ing distance was only 198 ft. and with a steeper side slip, the 
distance was only 141 ft. While a side slip landing requires 
a good deal of skill and particularly in gusty weather may 
be somewhat risky, yet this decrease in landing speed of 
high slip is however the most effective form of air-brake yet 
available. 

It would be interesting to have the opinion of pilots on 
such types of landings. 





Aerial Ambulances 


It is a sign of the times that an aerial ambulance based on 
the U. S. D-4, has been designed and constructed at McCook 
Field. The ambulance will accommodate the pilot, who is a 
medical officer, two patients, and a second medical officer. The 
patients are to be transported in complete comfort. 

This is another step towards the achievement of universal 
utility of the airplane. 
























The Avorio-Prassone Kite Balloon 


By John Jay Ide 
Lieutenant (j. g.), U. S. N. R. F. 


The Avorio-Prassone kite balloon was designed jointly by 
Major Luigi Avorio, Chief of the Aeronautical Division of 
the Italian Army, and Dr. Eugenio Prassone, Director of the 
Stabilimento Construzioni Aeronautiche. It was used exten- 
sively for observation purposes in the Italian Army. Venice 
and other cities were provided with A. P. balloons as a 
defense against Austrian aircraft. A number of _ these 
balloons were also built in England and used as a barrage 
around London. 

In August, 1918, the U. S. Navy brought two A. P. balloons 
over to America; one was demonstrated at the naval air 
station, Rockaway, while the other was given to the Army and 
tested at the balloon school, Fort Omaha. Three similar 
balloons are being built by the Connecticut Aircraft Corp. for 
the Navy. 

The gas envelope of the A. P. balloon is ellipsoidal or 
ovoidal (depending upon the model) with the major and 
minor axes differing only slightly in length. To the rear end 
of the gas envelope there is attached an air-filled cone serving 
to reduce the wind resistance of the balloon and, in conjunc- 
tion with the ballonet, to maintain the shape of the gas 
envelope. Around this cone there are arranged three air 
filled fins 120 deg. apart. 

The winch and basket suspensions are attached to the same 
points on the envelope, which in the ease of the model having 
the ellipsoidal gas envelope has the effect of bringing the 
basket and main cable very close together. The effect of this 
is to reduce the tendency of the basket to swing when the 
balloon is flown in very high winds. In the other model the 
gas chamber has been extended farther into the cone, increas- 
ing the the lifting foree at the stern thereby separating the 
basket from the cable. By doing this a parachute basket can 
be used. If it is desired to bring the basket near the cable 
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Fig 1. Dracram or LonarrupinaL Cross-Secnon. (1) 
Winp Scoor to BALLoNnet, (2) Witnp Scoop to RuppER CoNE 
AND Uprer Fins. (3) Air VALVE ON Cone. (4) Arr INLET 
BALILONET TO FIN. (5) Banuoner DEFLATION SLEEVE 
(6) Rupper DerLation Sieeve. (7) Arr INFLATION SLEEVE 
For Cone AND Upper Fins. (9) .Gas INFLATION SLEEVE 
(10) Vatve ApsusTMENT SLEEVE. (11) MANOMETER SLEEVE. 
(12) Manometer Removat Siteeve. (13) Gas Vatve. (14) 
Rip Panet. (15) Trasecrory Banns. (16) Ropr Retnror- 
CING BANDS. 


(17) Air INLET TO ConE AND UPPER FIs. 
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TRANSVERSE Cross Section. (Lerr) StTern View, 
(Rieut) Bow View. 


Fig. 2. 


in the ovoidal model, it is merely to change the 
lengths of the suspension ropes. 
Envelope 

The gas envelope (Fig. 1) is composed of gores (as in 
the ease of airships) and the spherical form is maintaind by 
wide and strong trajectory bands (15) ending at the vertices 
of the catenaries, thus reinforcing the rigging points. 

The ballonet seam line is directly above the catenaries and 
parallel to a line connecting the terminal rings of the rigging. 
Therefore, all the outer fabric on the under side of the 
balloon, the part that rests on the ground when bedded down, 
contains only air. The tension due to the lift and to the 
action of the wind, on the other hand, is all concentrated in 
the terminal rings and is transmitted to the cable through the 
suspension. 

The eatenaries are of steel wire cable 5 mm. in diameter, 
with a tensile strength of about 3960 lb. while the suspension 
ropes, made of hemp, are 12 mm. in diamter, with a@ tensile 
strength of about 2640 Ib. 

Three-ply cotton fabric, rubberized between the plies, is 
used for the gas envelope. 

At the bottom of the gas chamber there is a diaphragm 
forming the ballonet when the balloon is not longer full of 


necessary 
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Fie. 3. Automatic Gas VALVE GEAR 


gas (in descent). Air is admitted into the ballonet by means 
of the scoop (1); the ballonet also communicates with the 
bottom fin through the opening (4). An automatic gas valve 
(13), placed near the equator, is operated by means of small 
non-stretching metal lines attached to the fabric of the dia- 
phragm. 

On top of the envelope is the ripping panel (14). Operating 
this uncovers a series of elliptical holes for the escape of the 
gas. The ripping cord runs through the gas chamber, out the 
port side of the envelope and thence to the car. 


Cone and Fins 


The cone and fins are filled with air which enters the lower 
fin through the scoop (2) and the opening (4) from the 
ballonet. The openings (17) between the lower fin and the 
cone are fitted with fabric valves allowing the air-to.pass from 
the fin to the cone but not back again. This allows the cone 
and upper fins to be inflated by a pump through the air in- 
flation sleeve (7), thus obviating swaying at the beginning of 





_ Fia. 4. 


Gas Vatvr or A. P. Kite Baiioon 
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the ascent, while the lower fin remains deflated until acted 
upon by the wind during the ascent. 

The fabric valve (3) in top of the cone is so adjusted that 
it begins to open at a lower pressure than the gas valve. 
The expansion of the gas before the gas valve opens expels 
extra air from the cone and fins at the same time as from the 
ballonet. 

On mooring, complete air deflation is obtained in a very 
few minutes by opening the proper outlets. 

Two-ply rubberized cloth fabric of very fine texture is used 
for the cone and fins. ; 

Suspension 

The cable suspension (Fig. 2) consists of twelve ropes 
which start from the vertices of the catenaries on the envelope 
and come together in two groups, right and left, each group 
terminating with a metal ring. The two rings are joined 
together by means of a ring on a steel rope to which the main 
cable is attached. 

Two further rings are also attached to those mentioned 
above. If the basket is near the cable one of these rings 
earries the ropes for the central sand bag attachment and also 
the central handling guys, while the other takes the two 
forward suspension ropes of the car. Otherwise, the sand bag 
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Fic. 5. INFLATION OF AN A, P. BALLoon 
attachment and handling guys are secured to the two rings, 
the forward car suspension ropes running to the envelope. 

The car suspension consists of eight ropes of which the four 
side and the two stern are attached to the terminal rings ot the 
eatenaries on the envelope. If the basket is near the cable 
the two bow ropes are secured to the two rings terminating the 
cable suspension, as noted in the preceding paragraph. If 
not, the two bow ropes are attached to the ecatenary rings. 
The car suspension ropes are marked with colored thread and 
are joined to the car ropes bearing the same color and mark 
numbers. All suspension ropes, cable and car alike, are fitted 
with cleats so that their lengths may be adjusted. 

Gas Valve Adjustment 

During the inflation of the balloon the closed manometer 
sleeve, about 614 ft. long, is kept drawn out, and when it 
begins to fill inflation is stopped. It is thus possible to be 
sure that the balloon is full and the adjustment of the valve 
(Fig. 3) can be proceeded with, setting the knot of the line 
of the fabrie cone so that the valve will open at the proper 
pressure. As the lines inside are of metal, once the adjust- 
ment is made they should not stretch sufficiently to affect 
the operation of the valve. 

Gas Valve Construction 

A balloon, when let up slowly is at earth potential in a field 
of very different potential, thus establishing a large potential 
difference between the balloon and the surrounding air. 
Under these conditions sparks and “corona” discharges occur 
from the surfaces of the component parts of the balloon, 
especially from projecting points. The flow of electricity 
from the balloon to the surrounding atmosphere gives rise to 
discharges, which although silent, are capable of producing 
the ignition of a mixture of hydrogen and air. 
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For ASCENT 


BALLOON READY 


Fic. 6. A. P. 


It was considered advisable, therefore, to adopt a gas valve 
having no metal parts, in addition to taking other precautions 
enumerated below. The valve used in the A. P. balloon (Fig. 
+) is a wooden one of the type used in spherical balloons, 
suitably modified. The seat is of wood and metal wing nuts 
are not used, the ring being attached directly to the fabrie by 
means of lacing. 


Steel springs are replaced by rubber cords which render the 
adjustment practically automatie, sinee each 
through a small hole in a wooden cleat fixed to the flat part of 
the valve. When under tension in the direetion of action 
the cord cannot be dragged out of its holes, even by pulling 
hard, owing to the swelling of the end. To adjust the rubber 
it is sufficient to pull it simultaneously on both sides of the 
holes, when it will run easily. 


cord passes 


The rubber cords are protected from atmospheric effects 
by being enclosed in rubber fabric, gathered to allow 
stretching. Fabrice also protects the wood of the valve. 


Electrical Connections 


As the result of special investigations which were made on 
the subject of electrification of balloons, it was found desirable 
to keep the envelope insulated, allowing it to take’ up the 
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potential of the surrounding air, while keeping the car at 
earth potential. 


This is obtained in the A. P. balloon by: 
(1) Eliminating all metal connections, both between the 


envelope and car and between the 


envelope and mooring 
cable. 


(2) Carefully insulating the envelope by covering ll 
hemp suspension ropes with rubberized fabric and insulating 
the valve handline and rip line, which run te the car, by means 
of silk cords. 


(3) Using a wooden gas valve fitted with rubber cords. 


(4) Suspending one discharger just forward of the valve 
and another from the top of the cable. 


The basket is attached to the main cable and therefore to 
the earth by means of the telephone cable. 


Advantages of the A. P. Balloon 


Following are enumerated the principal advantages of the 
balloon : 


(1) Great stability, rendering possible accurate observation 
in a wind of 50 m.p.h. 


(2) Low wind resistance, enabling lighter cable to be used 
than with other types, and therefore greater height to be 
attained. 

(3) Reduced vawing of the balloon’ due to gusts at the 
beginning of the ascent and on landing owing to the small 
moment of inertia. 


(4) Smaller target offered than by other types of balloons 
of similar capacity. When moored, a smaller exposed surface 
is presented to the wind. 


(5) Maintenance of envelope shape assured by spherical 
form, simplicity of rigging and arrangement of the air 
chamber. On this account and by reason of its small static 
eouple and low projected area, a great hauling down speed 
ean be attained, of obvious value in case of attack by enemy 
aireraft. 

(6) Strength and gas tightness of envelope increased by 
use of three-ply instead of two-ply fabric. 


(7) Notable economy of gas in comparison with other types 
of balloons, as (a) for the same height and useful load the 
volume required is less, and (b) it is always possible to let 
the balloon up without completely filling it with gas, the form 
being maintained by the air chamber closed by its special 


valve. 

Long life of the suspension ropes due to the fact that the 
rigging is fixed. The ropes of running rigging quickly wear 
out through chafing in the rings. 
to avoid possibility of 


(9) Special precautions taken 
the gas by using 


electric discharges which might ignite 
wooden valve, insulating envelope, ete. 


(10) In ease of breakage of the cable the balloon can be 
handled like an ordinary free balloon. 


CHARACTERISTICS OF THE A. P. Kitz BALLOONS 





PPPS TTT TTT TTT CTE TTT PPTL CT OCT ee 26944 cu. ft. 
(763 cu.m.) 
Diameter ........ ee a See Ge 33 ft. 8 in. 
i cencake ke a diee we 44 ft. 3 in. 
Total weight of envelope including catenaries, trajectory , 
6 6.6 ae CO ee nee eae KOE eae eee 683.4 Ib. 
Mooring lines attached to envelope...... PE ree 28.7 Ib. 
Cable suspension with cable attachment rings, central 
sand bag and handling guy attachments.............. 39.7 Ib. 
Ce OEE. 6 nce ce kdaneta dws eseeweseas cus 15.4 lb. 
ee nC. cdc aeekebs ees Was aeanaure 66.1 Ib 
et Cy cinek Webs «inh otrs bimweesernsacedadhe 11.0 Ib. 
ES ee ne Pee eee eee ee ene ee eT ee ae ‘ 70.5 Ib. 
0 a ere a ene a ene ey 914.8 Ib. 
Gross gas lift at O°C. and 760 mm..............+.5:. 1984.1 Ib. 


Net gas lift at O°C. and 760 mm.............. 1069.3 Ib. 


28250 cu. ft. 31780 cu. ft. 37080 cu. ft. 38840 cu. ft. 
(800 cu.m.) (900 cu.m.) (1050 cu.m.) (1100 cu.m.) 
33 ft. 8 in. 84 ft. 11 in. 37 ft. 6 in. 37 ft. 6 in. 
53 ft. 1 in. 54 ft. 11 in. 50 ft. 4 in. 59 ft. O in. 
705.5 Ib. 7 Ib. 815.7 Ib. 859.8 Ib. 
28.7 lb 28.7 Ib. 28.7 Ib. 28.7 Ib. 
39.7 Ib 41.9 Ib. 46.3 Ib. 46.3 Ib. 
15.4 Ib 15.4 Ib. 15.4 lb. 15.4 Ib. 
66.1 Ib 66.1 Ib. 66.1 Ib. 66.1 Ib. 
11.0 lb 11,0 Ib. 11.0 bb. 11.0 Ib. 
70.5 Ib 70.5 Ib. 70.5 Ib. 70.5 Ib. 
936.9 Ib. 983.2 Ib. 1053.7 Ib. 1097.8 Ib. 
2081.1 Ib. 2341.3 Ib. 2733.7 Ib. 2861.5 Ib. 
1144.2 Ib 1358.1 Ib. 1680.0 Ib. 1763.7 Ib. 











Static Pressure.Gradients in Wind Tunnel Work 


By Dr. J. G. Coffin . 


Director of Research, Curtiss Aerodynamical Laboratories 


In aerodynamic wind tunnels the air is sucked through the 
tunnel by a propeller or fan. There must, therefore, be a 
gradual increase in static pressure along the air stream from 
propeller to inlet section. By employing the static pressure 
openings of a Pitot tube, which has been shown to be a very 
reliable instrument for this purpose, and using a sensitive 
differential manometer, these pressures can be easily measured 
at several points along the tunnel, especially in that portion 
where the models are set up. The results of these measure- 
ments in the experimental portion when plotted usually give 
a curve which is practically straight, as shown in Fig. 1. The 
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Fig 1. Typrcan Static Pressure Curve at ExPERIMENTAL 
Portion oF WIND TUNNEL 


slope of this curve at any point is called the pressure gradient 

and ? properly expressed as Ibs./sq. ft./ft. Mathematically, 
p 

it em where z is a distance measured along the axis of the 
z 

tunnel. 

There is seldom any question of pressure gradients at right 
angles to the axis of the tunnel as in any such installation 
worthy of good repute there should not be any. In other 
words, over the central area at right angles to the tunnel axis 
at the experimental section the static pressure should remain 
constant to within at least two tenths of the tunnel diameter 
from the limit of the air stream. 


Even if there were a pressure gradient at right angles to 
the tunnel axis its effeet on drift would vanish and its effect 
on lift would vanish if it were symmetrically distributed 
around the tunnel axis. In any ease, lifts are usually so 
much larger than drifts any \unbalanced lift forces due to 
unsymmetrical statie pressure distribution would be negligi- 
ble. In the large Curtiss Tunnel the static pressure is con- 
stant over the whole cross section and is the same as that 
obtaining in the room. 


The measured drift on a model can then be considered to 
be made up of two parties: 
(a) The drift, D, due to dynamic pressures and friction, 
and - 

(b) A fictitious drift, d, due to the unbalanced resultant 
effect of the static pressure acting on the surface of the model. 


The first part, D, is that whose value is desired and cor- 
responds to that which would obtain if the model were carried 
through the open air at the same speed as that at which the 
measurments were made; the second part, d, is inherent in 
che design of the tunnel and must be eliminated to obtain 
correct results. 


This static pressure correction can attain surprisingly large 
values, especially in the enclosed type of tunnel (N. P. L. 
type), in some cases running as high as 25 per cent. of the 
total measured value, but it is, however, much less serious in 
the Eiffel type of tunnel and in certain cases can be entirely 
eliminated or even become reversed in sign. 

In the large Curtiss tunnel, not only is the static pressure 
constant across the experimental section of the wind stream 
as mentioned above but has been found to be absolutely con- 


stant throughout the whole experimental chamber. This 
property, which is the result of our design, eliminates en- 
tirely the necessity for the corrections for static pressure and 
is very convenient. It was attained by a proper dimension- 
ing of the inlet and outlet diameters in the experimental 
chamber. , 

In the Four Foot Curtiss tunnel the pressure gradient is 
about .071 lbs./eu. ft. at 60 m.p.h. In the Navy Tunnel it 
is about .0236 Ibs./cu. ft. at 40 m.p.h., which corresponds to 
.0531 Ibs./eu. ft. at 60 m.p.h. It has been found that the 
pressure gradient at 1 m.p.h. is practically independent of the 
air speed at which it was measured, hence it is convenient to 
determine it at as high a speed as possible as the percentage 
accuracy of the determination is thereby increased. It has 
been found also that the presence of the model changes but 
little the value of the pressure gradient determined in the 
absence of the model. The static pressure can be assumed for 
all practical pruposes to vary as the square of the wind speed. 
It’ should also be noticed that as the static pressure measure- 
ments are to be applied as a correction, the accuracy of their 
determination need not be better than from five to ten per 
cent. The theory of this correction is quite simple and is 
usually carried out graphically. A short resume of this 
theory is given below. 

In Fig. 2 let the static pressure be known at every point 
along XX’, there being no variation at right angles to this 
axis, as mentioned above. This static pressure acts normally 
torevery element, dA, of the surface, S. The element of force 
acting upon dA and normal thereto is p dA. Let the angle 
between the normal to the surface at this point and the axis 
of the tunnel be @ then the axial component of the force on 
this element is p dA cos q.. At the rear, a is greater than 
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90° and the axial forces are negative. The total axial force 


whose value is desired is, therefore, 


d =ff- pcos adA (1) 


There are several cases for which this formula can be some- 
what modified. 

(1) In ease a body is one of rotation about the tunnel axis 
(Fig. 3a) the general intergral (1) reduced to 


| =f 2ny ds. p. cos g = oe f pydy (2) 
' dy 
as cos @ = sin 8 = — 
ds 
(2) Cases similar to a uniform strut section placed per- 
pendicular to the wind. (Fig. 3b) 
If d is an element of the contour of the cross section then 
dA per unit of length = ds, and the integration being made 
around the contour, equation (1) becomes 


ad =f. dy 


and for length, 1, it becomes 
a=1 f p. dy (3) 

(3) Another expression for this in is easily seen to 

be true by considering the body to be made up of sections as 
illustrated in Fig. 4, and is 

d= f 


f 9. 44 (4) 
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where A is the cross sectional area at right angles to the tun- 
nel axis at the point where p exists. 

Except for spherical bodies, or bodies whose shape is de- 
termined by mathematical curves, these integrals can seldom 


be carried out mathematically and the integrations must be , 
made graphically by a “step by step” process which as a rule ~ 


involves considerable calculation and time and are practically 
impossible of application to bodies of complex form such as 
complete airplane models with which we have }found there is 
an appreciable correction. 

The theory and method of application outlined below show 
the possibility of simplifying these computations and making 
the corrections possible even for airplane models. This sim- 
plification is based upon the fact that the pressure gradient, 
in most tunnels that I am acquainted with, is practically con- 
stant in the experimental portion. For example, Fig. 1 
shows a typical static pressure curve for an enclosed type 
tunnel*. Even when this gradient does vary slightly it is 
very easy to take an average value, approximately the value 
which exists at the center of gravity of the body under test. 

If p is a scalar point function whose value is known for 
* all values of x and is independent of y and z, that is, is con- 
stant over the cross section at right angles to the tunnel axis, 
the following integration theorem is true, where the volume 
integral is taken throughout the volume of the model and the 
surface integral is taken over the surface enclosing this 
volume**. 

dp 


{ff —tew— ffs cos (nz) dA (5) 
x . 


vol. 


Let us now assume that the pressure gradient is constant, 
that is, 
dp 
—=>a 
dx 
or what is the same thing, that the pressure curve is a straight 
line whose equation is 
p == ax — const. (5) 
the volume integral becomes with this value for p 


SS faa (vol) = a fff d (vol) = a x volume 


and ds the surface integral is the one whose value it is requi- 
red to evaluate, we obtain finally for the correction 

d = pressure gradient x volume of model (6) 
in other words, this is a strict mathematical proof that the 
static pressure gradient produces an effect akin to a buoyancy 
correction. The result is nothing more nor less than Archi- 


Pp 
medes’ principle. As pressure gradient is by definition — its 
dx 
Force/Area Force 
dimensions are ee 
Length Volume 


* Aviation, October 15, 1919, p. 257. 
** A. G. Webster, “Theory of Electricity and Magnetism,” p. 62. 
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and when multiplied by a volume as required in equation (6) 
it gives a force as it should. 

The great value of this method consists in the fact that it is 
usually very easy to obtain the volume, either by immersion 
in water or by planimeter, for example, and the mere multi- 
plication of the volume by the known pressure gradient gives 
the value of the correction. This way of looking at it also 
shows that the correction is independent of the orientation of 
the body just as the buoyancy of an immersed shape in a 
liquid is independent of its position relatively to the vertical. 

As an example of the application of this method to a spe- 

cific case, let us consider the correction to be applied to the 
9”x3” strut (Navy No. 1 Strut) tested at the Navy Yard by 
Dr. Zahm.* 
By planimeter, area cross section=19.2 sq. in. 
Length of Strut =60.0 in. 
Volume=60x19.2=1152 cu. in. =0.667 cu. ft. 
Pressure Gradient at 40 m.p.h. at 

Center of Gravity of strut—= 





.0034x62.43x12 
= .0236 lIb./cu. ft. 
9x12 
Correction by equation (b) = 
.667 x .0236 = .01573 Ib. 
Correction as published by Dr. Zahm = _ .0158 |b. 


The agreement is very satisfactory and shows that this method 
asually can be applied with perfect safety. 

When’ it is considered that the presence of the model 
probably does modify to some extent the distribution of static 
pressure it is seen that the correction by whatever method 
eomputed is inherently not very precise and as mentioned 
above, results which are within 10 per cent of the true cor- 
rection are amply good enough. 

With dirigible models or even models of complete airplanes 
the volume ean easily be obtained by immersion and weighing 
of the overflow so that even complex shapes are easily taken 
care of. 

The absence of any pressure gradient in the Eiffel type of 
tunnel as modified in the Curtiss tunnel is now seen to be an 
extremely valuable property as it entirely eliminates the nec- 
essity of these corrections and accompanying labor. No dif- 
ference of static pressure greater than two or three hun- 
dredths of a millimeter of water were detected between any 
two points in the large’ experimental chamber of the Curtiss 
tunnel. This statement includes points both within and with- 
out the air stream. 

* Loc. Cit. 


A Letter 


Eprtor, AVIATION AND AERONAUTICAL ENGINEERING :—In 
Aviation for April 15, 1920, Dr. J. G. Coffin describes a 
pressure gauge used in his laboratory which is only a mechan- 
ical modification of the one invented by me in the summer of 
1918 and described in Aviation for Nov. 1, 1918. In both, 
we use the Krell system. In mine I alter the sensitivity by 
changing the angle of the slope by means of a screw, while 
Dr. Coffin does it by revolving the glass tube about a horizon- 
tal axis. In mine I get the head by moving the tube along the 
slope; Dr. Coffin gets the head by raising or lowering the tube 
on a standard. The basic idea, namely to alter the sensitivity 
by changing the angle of the tube to the horizon, and to move 
the tube so as to keep the meniscus at one point in the tube, 
is mine and was disclosed as long ago as Nov. 1, 1918. Dr. 
Coffin thinks this idea so good that he speaks in great praise 
of it, but he gives me no credit for originating the idea. In 
fairness to me you ought to call the attention of your readers 


to this fact. 
A. H. Merri. 














Characteristics of Design Effecting Produc- 


tion, Operation and Maintenance of Aircraft’ 


By Maj. Percy Bishop 


The advent of the use of aircraft for purposes other than 
warfare will involve the appearance of several additional as- 
pects into the already numerous considerations which have to 
be applied during the evolution of the design of an aircraft. 

During the recent war, designers were called upon to pro- 
duce designs in which performance and maneuverability were 
the foremost- considerations, and sacrifices of other factors, 
including safety and stability, had to be made in order to 
attain supremacy in these directions. It is true that during 
the latter stages of the war matters concerning ease of produc- 
tion, the use of alternative materials and accessories, and 
facilities for maintenance did receive a certain amount of at- 
tention; but in view of the speed at which designs and 
production had necessarily to mature, the amount of thought 
which could be given towards such considerations was very 
limited. 

Today the aspects are considerably changed, and the fol- 
lowing notes are prepared with a view to emphasizing the 
importance of those factors which in the past have been re- 
stricted, but which in the future will tend to take precedence 
among the characteristics of aircraft. In these notes it is not 
proposed to touch upon the relative importance of safety, 
performance and stability, but rather to deal with the charac- 
teristics which interest those constantly engaged with air- 
eraft, whether they be concerned in manufacture, operation, 
maintenance or repair. 

There is no doubt that aircraft suffer far more depreciation 
when on the ground, especially when subjected to transport 
and re-erection, than when kept in continual flying use. In 
furture possibly the majority of this country’s output of 
aircraft will be exported, and consequently the above condi- 
tions will apply, not to isolated cases, but to a majority, thus 
emphasizing the necessity of the design being so contrived 
that provision is made to withstand such conditions. 

Apart from this, a little consideration on the part of de- 
signers and draughtsmen will very considerably ease the lot 
of all concerned in the production of the machine. Such 
consideration will always assist in reducing the cost of man- 
ufacture, accelerating production, and evolving a more ser- 
viceable machine. 

Experience during the war has shown that a great saving 
ean be effected by. very careful consideration being given to 
preparation of detailed drawings, so as to avert such an ex- 
cessive amount of alterations as attended all designs during 
the early stages of manufacture. 

Again, nearly all failures in the air are traceable to detail 
faults, and several otherwise excellent designs of airplanes 
have been doomed owing to detail defects. 

The various aspects from which improvements in design 
appear to be benficial are dealt with in the following order, 
which covers the stages through which the aircraft passes from 
its conception to its “write-off” :— 

(1) Preparation for manufacture. 

(2) Manufacture and assembly. 

(3) Inspection. 

(4) Storage, packing, and transport. 

(5) Operation and maintenance. 

(6) Repairs and replacements. 

Preparation for Manufacture 

The work involved in the preparation of a design for 
manufacture is chiefly connected with the design of details, 
and with the production of drawings. It may be of interest 
to deal briefly with general drawing procedure, especially in 
regard to the information which should accompany all draw- 
ings in order to facilitate the production of the part or com- 
ponent concerned. 

In the first place, the drawing should be regarded as a 
complete specification of the article required. It should con- 
tain the following information :— 


*Paper read before the Royal Aeronautical Society of Great Britain. 
Excerpt.) 
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1. All necessary dimensions, with permissible errors in man- 
ufacture, including accurate development in the case of 
complicated bent-up parts. 

2. Particulars of the material from which the part is to 
be made. 

3. The sequence of operations necessary for the production 
of the part. 

4. Details of any heat-treatment which may be necessary 
at any stage of the work. 

5. Protective requirements to prevent deterioration due to 
atmospheric conditions. 

6. Identification marks in order that the part may be iden- 
tified during and after manufacture. 

ie The component or type of aircraft on which the part ts 
used. 

_ Each drawing should be on a separate sheet of convenient 
size. 

Many designers do not even now consider all the above in- 
formation essential, and do not include such items as opera- 
tions and protective requirements. Their view is that the shop 
staff know better how to produce the part than the designer 
or draughtsman; but although this is undoubtedly true in 
many instances today, it is contended that the process of 
manufacture should be considered by the designer at the time 
of evolving the design; and that if the design is so arranged 
as to require a specific method of manufacture, the particulars 
ought to be stated on the drawings. 

Admitting the necessity for means of identifying parts, 
partial assemblies and components, it is essential that a 
suitable numbering scheme for drawings be adopted. The 
production problems of automobile engineering are very 
similar to those of aircraft, and it is almost universally agreed 
that the adoption of one single series of numbers for compon- 
ents, parts, or even pieces of parts, is the most satisfactory 
method of identification. This system involves a separate 
drawing of each part and of each piece of a part. At first 
sight this may seem to be a cumbersome procedure, but it 
proves of great assistance to those engaged in production, 
where attention has at certain stages of manufacture to be 
paid to each individual piece separately. 

Take for example the case of a built-up sheet metal fitting 
made up of two or more pieces. For this we shall require :— 

1. A drawing of the complete part as required for erection; 
and 

2. A drawing of each piece comprised in such a part. 

It is assumed that these drawings are produced on the lines 
indicated above, and that the information they afford is more 
complete than is now usual. 

Such drawings will have other advantages besides being 
more generally useful during actual manufacturing operations. 
The work of ordering and laying out will be much simplified, 
as the accurate development of parts or pieces can be set out 
in such a way as to obviate the tedious operation of laying- 
out in the shops by staff, whose facilities and capabilities for 
the geometrical and mathematical work required, can hardly 
compare with those of a trained staff continually engaged in 
such work in the drawing office. 

Further, the drawings will be of material assistance to staff 
engaged in the stores and despatch departments. The draw- 
ings of parts, partial assemblies, and components, should each 
contain their respective schedules, as such information is 
necessary to complete the specification of the article repre- 
sented. No further schedules will be required, and this is 
particularly advantageous in eliminating the liability of errors 
during the incorporation of modifications which involve al- 
terations to both schedules and drawings. Such modifications 
are inevitable during the experimental of aircraft 
manufacture. The system also has the advantage that it leads 
automatically to standardization, whether of pieces, parts, or 
components. 

Considerable economy of material, of machining, of labor, 
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and of temper, can be effected in the preparation of detailed 
drawings by calling for current available materials, and uti- 
lising, as far as possible, standard sizes of bars, sheets, and 
tubes. Each detail should be so arranged that it may be 
produced economically from such standards. If the requisite 
sizes of bars, sheets, ete, be named on the drawings the 
information will be useful from a buying and store-keeping 
point of view. 

This point may be made clear by an example or two. For 
instance, parts such as turnbuckles, forked-ends, engine 
valves, spindles, ete., which are usually produced in quantity 
on automatic machines, should be preferably arranged so that 
the maximum diametric dimension falls just inside the stan- 
dard bar diameter. This will reduce to a minimum the 
removal of redundant material for the whole length of the 
part before the forming is commenced, and will thus do 
away with waste of material and needless wear of cutting 
tools. 

Another example is that of a tank, in which, if the maxi- 
mum width of sheet from which the shell, the ends, or the 
baffles, are made, falls just outside the standard size of sheet, 
the result is either a larger sheet being cut uneconomically, 
or the introduction of an additional seam in the construction 
of the tank. 

Propeller laminae, long spars, longerons, and struts, also 
frequently give rise to difficulty in manufacture owing to tim- 
ber being unavailable in the required dimensions. There is 
then no alternative but to introduce joints, which are expen- 
sive to make and unsatisfactory in themselves. 

The drawings should also specify carefully the permissible 
limits of error in manufacture, whether these are required to 
safeguard the strength of a part or to secure interchangea- 
bility. In determining such limits consideration should be 
given to tolerances necessary for ‘the various manufacturing 
operations. In the case of interchangeability, additional 
consideration is necessary to provide sufficient “allowance” 
for error in gauge manufacture; and in some cases yet 
further allowances must be made for small errors in the manu- 
facture of master gauges. This matter is of particular 
importance in the case of hinges or joints at the junctions of 
components where interchangeability is essential. Frequently 
the dimensions in these cases are large, and errors in manu- 
facture are correspondingly increased. In such cases it is not 
sufficient to arrange the limits so that the parts shall in theory 
assemble where one part is on the high limit and the other on 
the low. 

In the ease of wooden parts allowance must also be pro- 
vided for shrinkage of timber and distortion. 

The whole question of limits is very involved, and can only 
be briefly touched upon in this paper, but in order that the 
drawings may be complete, the statement of limits must be 
such as to constitute legal evidence of the requirements, both 
on the part of the supply contractor and as affecting the 
manufacturing or erecting shop staff when payment is made 
on a piece-work basis. 


Manufacture and Assembly 


The cost of production has received little consideration in 
the past as a factor in the design of aircraft, but with the 
development of aircraft for commercial purposes it has been 
realized that serious attention must be given to it. 

The phases passed through since the conception of heavier- 
than-air flying machines make an interesting study. Most of 
the pioneers of flying had but limited resources for making 
and building their experimental machines. Accordingly the 
fittings they designed were generally arranged in the simplest 
possible way, and produced at the least expense. 

Later on, when flying became more general, experiments 
were no longer embarrased by lack of financial assistance. 
Designers then began to use the best material and labor avail- 
able, and concentrated their attenion on reducing resistance 
and weight to a minimum; thereby improving performance, 
without eliminating any of the necessary requirements for 
safety. 

It is perhaps fortunate that the development of aircraft 
passed through such a stage so early in its career, especially 
as the burden did not fall on the industry itself. It enabled 
the essential qualities combining to ensure safety and good 
performance to be developed very rapidly. 
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The next phase is that of a compromise, and represents the 
one which interests the industry today; the problem being to 
reduce the cost as far as possible by designing to suit manu- 
facturing facilities generally, without any retrogression from 
the advance arrived at in safety and performance. 

The extensive use of fittings made from sheet metal, which 
ean be punched out correctly to shape, and which require but 
few subsequent operations to complete manufacture, is un- 
doubtedly a progressive stage towards this end. Such a 
method of production is considerably cheaper than that of 
using forgings and stampings, with the unavoidable subse- 
quent machining. Until quite recently there was much preju- 
dice against the use of sheet metal pressings; this arose from 
the assumption that the punching operation produced cracks 
of a dangerous character upon the sheared edges, but it has 
been found that this danger ean be avoided by taking certain 
precautions, namely, the trimming-up of all edges where stress 
is likely to oceur, and the removal of small cracks which 
might develop and cause trouble. For small holes the punch- 
ing operation should be always followed by drilling and 
reamering. 

In adopting such a method of production the standardiza- 
tion of shapes of parts, or pieces of parts assists very mater- 
ially. The cost of die-making and setting-up represents a 
very high percentage of the total cost, and consequently the 
number of shapes required should be kept down to a mini- 
mum. This can be achieved by so arranging the shape of a 
blank that other shapes may be cut from it by means of 
another shearing operation to cut away the redundant portion. 

Another feature which perhaps has not been realized is the 
fact that the manufacture is simplified in the case of “right- 
hand” and “left-hand” parts. The blanks are always flat at 
this stage of manufacture, and the subsequent bending opera- 
tion will determine the “hand.” In the ease of stampings, 
two dies are usually necessary, which not only involves setting 
up the dies twice, but also duplicates the number of jigs and 
subsequent operations. 

The use of sheet metal fittings has the further advantage 
that the sheet from which the blanks are punched serves ex- 
cellently as the locating portion of a jig for subsequent oper- 
ations on the blank, such as drilling, ete. 

Another important advantage of sheet metal construction 
which is particularly evident today is that it suits manufac- 
turing conditions, no matter whether large quantities of the 
same part are required or merely the number necessary for 
one experimental machine. If the quantity does not justify 
the making of press tools, the blanks can readily be “nibbled” 
out from sheets at extremely low cost. 

The combination of a number of blanks bent to desired 
shapes and connected together by rivetting, welding or braz- 
ing, is quite a cheap method of manufacture. In designing 
such fittings care must be exercised to ensure that the process 
of normalising the material to remove strains, caused through 
bending or welding, is capable of being carried out, without 
involving prohibitive distortion of the final shape required. 

From the manufacturer’s point of view standardization is 
of the utmost importance, and too much stress cannot be laid 
on the necessity of giving it the utmost consideration in the 
early stages of the design of detail parts. Holes, screw 
threads, angles, tapers, and even radii of corners (where a 
machining operation is required), should be of standard di- 
mensions, and the minimum variety of such sizes consistent 
with efficiency should be called for. This will result in limit- 
ing the number of sizes of drills, taps, dies, broaches, reamers, 
gauges, spindle tools and. cutting tools generally; and also in 
some cases in an economy of settihg-up operations. 

The average number of tools and gauges required when 
manufacturing any particular design today, is unnecessarily 
high, and can be materially reduced without detriment to the 
efficiency of the machine itself. 

In the design of covered components, one of the most pre- 
valent diffieulties which occur in manufacture is that of dis- 
tortion, and it essential that the structure should receive 
consideration from this point of view in the design. The 
strains of fabric doping, initial tension in bracing wires, 
shrinkage of timber, and bedding down of metal fittings on 
to timber, all tend towards distortion, which hampers quick 
erection, destroys interchangeability, and may well result in 
rendering the component unserviceable. 
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One of the greatest difficulties of erection experienced today 
oceurs at the later stages of assembly, and that is the large 
extent of hand fitting which is necessary in the fitting of 
cowlings, connecting up of pipings, controls, and the fittings 
of accessories generally. This is due to the fact that drawings 
are usually not considered necessary for such parts, and the 
design is left to the shop staff to decide at the time of erec- 
tion. The contention is that complete drawings should be 
made of all parts, and more particularly that the operation of 
assembly should then receive attention. If the dimensions of 
such parts are difficult to determine on paper, the use of 
“mock-ups” should be resorted to for this purpose. This 
practice also usually tends to the devising of more satisfac- 
tory arrangements, as regards both erection and functioning. 

It is possible to incorporate in the design many other fea- 
tures which will simplify the erector’s work and permit of 
increased accuracy in truing-up. As instances, fittings may 
be made self-aligning by means of universal joints or in 
other ways; strut fixings, wiring plates, ete., may have their 
securing pins arranged to hinge in the most convenient plane 
for lining-up; and multiple connections (hinges, for example) 
may be arranged to.register on one of their number with 
ample clearance in the remainder. 

Inspection 

The future of British aircraft depends very largely upon 
the maintenance of their acknowledged existing supremacy as 
regards both safety and reliability. This position has been 
won, firstly by sound design, both structural and aerodynamic, 
and secondly by ensuring that the actual aircraft comes into 
existence and continues to exist in the form intended by the 
designers. 

It is clear that the first requirement necessary for carrying 
out any examination is adequate access to all important mem- 
bers and organs of the aircraft. 

One of the peculiarities of aircraft design is that the per- 
formance very largely depends on securing clean, uninter- 
rupted exterior surfaces, and on the streamlining of shapes 
which would otherwise increase head resistance; thus all 
structures and mechanisms tend to become hidden from ex- 
ternal view by cowlings, coverings, fairings, etc. There is, 
however, no reason why such coverings should not be made 
easily detachable, or other provision made for purposes of 
inspection, without incurring any appreciable increase in head 
resistance. 

It is realized that in the special ease of planes this 
procedure is in practice prohibitive. When doubt arises as 
to the airworthiness of a plane which has been a long time 
in store, or has been transported from place to place, it may 
be necessary to strip and recover the component. 

In any case, however, the more vital parts should be easily 
accessible, so that periodie examinations and adjustments may 
be carried out. Such inspections are demanded daily by the 
Air Navigation Regulations before passenger flights may be 
made, and provision should therefore be made to enable the 
ground engineer to satisfy himself of the safety of the aircraft 
in the shortest possible time. 

One of the most important items in construction is the con- 
trol mechanism, which should be carefully studied in this 
connection. Where controls are carried inside planes, doors 
or windows should be provided to view all pulleys, levers, and 
connections, in order that correct alignment, security of at- 
tachment, and wear of cables can be safeguarded. Such 
inspection doors or windows should be so arranged that the 
whole of the run of the cables can be examined through them, 
in order to see that they run clear of obstacles such as ribs, 
struts, cross-bracings, ete. 

To facilitate the attainment of these conditions sight holes 
or gaps should be employed to ensure :—- 


(a) The correct bedding of struts in sockets or on to~- 


other members; 

(b) Sufficient length of engagement of screwed parts; 

(c) The correct positioning of internal blocks in“ hollow 
built-up spars or other main members, as for example those 
constructed on the “MeGruer” system. 

Unless some such provision be made it is impossible, once 
the parts have been erected, to discover if these points have 
been attended to. : 

Particularly in the case of the power plant installation, 
periodic inspection is essential on account of the prevalence 
of leaks in petrol, water, and air systems, and the breaking 
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or “shorting” of ignition wires caused through vibration or 
landing shocks. It is therefore absolutely necessary that the 
question of accessibility should be given the utmost weight. 
Improvements, in the form of quickly detachable cowlings, 
provision of sufficient inspection doors locally to petrol cocks 
and connections, or arrangement of the pipe lines or run of 
engine controls in such a way that they may be easily inspec- 
ted, are essential. 

Whilst dealing with the question of installation piping, . 
it appears opportune to emphasize the importance of mark- 
ing the various pipes for identification purposes. There is 
a standard method of painting the various pipes to denote 
whether they are for oil, water, air, or petrol, viz., red for 
petrol, yellow for compressed air, black for oil, blue for 
water, white for air speed tubing, and yellow and red for air 
pressure for petrol feed—and such first-sight distinction is 
an invaluable asset when checking a complicated installation 
system. 

The work of an inspector can also be facilitated by the 
elimination as far as possible of such processes as welding, 
brazing or soldering, especially where the strength or security 
of the parts so treated is important. It is obvious that, after 
the operation has been performed, such a process cannot be 
certified as having been correctly carried out. Moreover, a 
selective test to destruction is not considered a_ sufficient 
guarantee, owing to the great degree of variation which can 
occur in such processes. Even with the “dip brazing” method 
the retention of the correct analysis of the brazing metal can- 
not be guaranteed, as the difference in the melting tempera- 
tures of the ingredients causes the zine to evaporate away 
faster than the copper, so that even with frequent additions of 
zine, and check tests at each addition, the constitution of the 
bath cannot be regarded as even approximately uniform. 

A diffieulty experienced in checking the truth of erection of 
an aircraft is to find datum surfaces or points from which 
to begin the series of check measurements. The provision of 
a horizontal cross and longitudinal member at some con- 
venient point in the structure will serve to establish a level 
in both directions, and allow measurements to be based on 
this datum. 

Storage,+Packing and Transport 

The difficulties encountered in the storage, packing, and 
transport of aircraft components, and the consequent damage 
experienced during recent years, have been very great. The 
principal reasons are :— 

Firstly, the fragility of the parts necessitating the most 
careful methods of handling, packing and storing. 

Secondly, the sizes and awkard shapes of the components 
and parts demand a large amount of space, both for storage 
itself, and as adjustment room for manipulation in the store; 
and 

Thirdly, the difficulty of supporting the component or part 
when stored or packed to prevent damage due to chafing or 
distortion. 

To meet such contingencies there appear to be two alter- 
natives; on the one hand to provide special packing cases 
for each of the components or parts, which would render them 
immune from such damage; or on the other hand, to relieve 
the situation by refraining from the use of such fragile or 
large components, and make special provision in the way of 
supports, ete. 

The first alternative would obviously be impracticable as a 
general measure, on account of the excessive cost involved in 
making the cases, although in certain cases such as engines, 
propellers and instruments, such practice is unavoidable. 
The second alternative can, however, be taken advantage of 
to a large extent, provided consideration is given to the ques- 
tion at the time of design. 

The average covered component is incapable of being 
stored, packed, or transported, without receiving injury of 
some nature, owing to the impossibility of supporting it at 
favorable positions of its structure. 

The addition to such a component of some form of pro- 
jections by which it could be supported or secured would 
be invaluable from a transport and storage point of view. 
In addition, the designer would then know definitely the 
conditions to which component would be subjected, and could 
arrange the local members of the structure to take the corres- 
ponding stresses. 

The adoption of permanently built-up structures such as 
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underearriages, V-struts, cowlings, and fairings, should be 
avoided as far as possible to meet this end, and such forms 
should be superseded by structures which could readily be 
dismantled to convenient sizes and shapes for storage and 
transport purposes. 

The limitation of sizes of components should be governed 
by the conditions of existing methods of transport, where 
such restrictions as heights of bridges, lengths of trucks, 
Jorries, or trailers, have to be complied with. Considerable 
difficulty in transport has already been experienced in this 
direction, and the existence of prohibitive sizes of compo- 
nents has frequently led to extensive trouble and excessive 
cost in arranging transport. It becomes evident, therefore, 
that large components such as planes and fuselages should 
be capable of being dismantied to a more convenient size. In 
the case of planes with long chord measurements this could 
be effected by provision of detachable trailing portions, and 
long planes or fuselages could be made in sections with 
suitable jointing arrangements. 

The use of detachable projections, such as levers and king 
posts, on eovered components should also be encouraged with 
a view to meeting storage and transport facilities. 

The storage of complete aircraft has been facilitated con- 
siderably by the development of folding wing arrangements, 
and it is encouraging to see that this practice is now being 
extended to small aircraft. 

The deterioration of tires during storage is possibly a point 
worth referring to under this heading, and even if it were 
considered that the incorporation of stands in the underear- 
riage design would be too great an encumberance, the pro- 
vision of suitable surfaces against which a jack or lever could 
bear would greatly facilitate the lifting operations, and 
enable blocks to be inserted to take the load off the tires. 

Operation and Maintenance 


The life of aircraft is a more vital matter in the case of 
machines required for civil purposes than in warfare. 
Fighting machines require to have all up-to-date improve- 
ments embodied in them at the earliest possible moment, and 
thus existing designs quickly become obsolete because they 
are out of date, rather than because they are worn out. 
Further, financial considerations affect civil aircraft very 
closely, as the rate of depreciation in value must be reduced 
as far as possible. 

It is most important, therefore, that the question of wear 
and tear should receive attention at the time of design, and it 
is proposed to deal briefly with the conditions which largely 
contribute to depreciation, and to show how some of them 
may be ameliorated. 

It is generally admitted that aircraft (excluding the engine 
itself) deteriorate more quickly when on the ground than 
when flying in the air. Especially is this so in the case of 
seaplanes, on which the effect of sea water is so pronounced. 

Deterioration is to a very large extent attributable to at- 
mospherie conditions, but it is considered that another impor- 
tant factor is that of damage and small accidents due to bad 
handling, climbing about the machine, and want of skill or 
care in the manipulation of the machine when on the ground 
and in the hangars. 

The life of the engine itself naturally depends to a very 
large extent on the length of its working hours, periodic at- 
tention, ete., but at the same time it, too, may be considerably 
affected by the treatment and conditions to which it is sub- 
jected, when not actually in use during flight. 

The uses made of some of the structural members during 
hand!'ng or climbing about the machine would, if known to 
the des gners, relieve them of a large amount of mathematical 
Such caleulations are based on the assumption 
that the members and parts have to withstand only those 
stresses incurred in flying and alighting. As a matter of fact, 
parts which are amply strong on such an assumption may, 
and do, fail miserably under the unfair stressing they suffer 
during the handling of the machine on the ground. 

It appears then that efforts will have to be made by design- 
ers to eliminate the liability of such “wear and tear” by 


ealeu'ations. 


utilizing fool-proof devices to meet such contingencies. It 
must be remembered that the handling of the machine or its 
components is most frequently carried out by unskilled labor. 
In the case of a covered component in which the principal 
members are hidden, it is necessary either to give precise di- 
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rections for handling, or, better still, to make the operation 
fool-proof by the provision of handles. Attachments such 
as these need not necessarily be an encumbrance to the 
machine either from the point of view of weight or resistances, 
provided they are carefully considered when designing tne 
component. 

One does occasionally see notices on fuselages denoting 
where the weight can be taken to avoid damage to its members, 
but this is not a sufficient safeguard, as evidenced by an incident 
witnessed once by the author. Two men were assisting each 
other to lift at one point of a heavy fuselage, and they took 
particular care to lift it at equal distances on each side of the 
painted arrow denoting “lift here.” 

Provision of steps and treads, not only for entering the 
machine but also for the use of riggers and mechanics when 
carrying out adjustments, is essential, and if duly considered 
in the early stages of design would enable the designer to 
arrange for local stiffening in order to carry the loads im- 
posed under such conditions. 

As the operation of replenishing fuel, lubricant and water, 
and of adjusting the power plant, cannot usually be per- 
formed from the ground, it is mainly for these purposes that 
men climb on to aircraft. They treat axles, radius rods, 
exhaust pipes, and struts as platforms, and bracing wires, 
fairings, and the like as banisters. Apart from the question 
of unfair stressing, which has already been touched upon, 
the said objects are never really successful in these more 
humble capacities. Consequently there is every reason why 
proper handholds and footholds should be provided. 

While dealing with the question of replenishing petrol, oil, 
and water—at present a rather long and highly inconvenient 
operation—a strong plea is put forward for larger filling and 
emptying apertures, and for their arrangement in less awk- 
ward situations. It is suggested that filling from underneath 
has many advantages, both as regards convenience and the 
avoidance of air-locks in pipe systems. 

The deterioration which may take place owing to atmos- 
pherie conditions demands considerable attention on the part 
of the designer, apart from the specifying of protective 
processes. These processes include painting, varnishing, 
pigmenting ,a special process for metal parts, such as “Cos- 
lettizing” and “Sheradizing,” and the use of non-corrosive 
materials. Attention should also be given to drainage 
arrangements in planes.and fuselages, the sealing of hollow 
tube members, axles and struts, and the general avoidance of 


pockets and corners where moisture would collect. This is 
particularly important in the vicinity of glued-up wooden 
constructions such as ply-wood, built-up ribs and = spars. 


These rely upon the strength of the glued joint for their 
rigidity, which is materially affected by the action of moisture. 

In this connection it almost seems desirable that covers for 
exposed parts such as engines, propellers, and open cockpits, 
should be included in the design,, and provision made for 
their accommodation in’ the machine. These essential acces- 
sories are rarely available when required, and the tendency is 
to provide them as an afterthought. 

Repairs and Replacements 

In view of the necessity of saving as much redundant weight 
as possible above that actually required to fulfil safety con- 
ditions in the design of aircraft, occasional minor accidents 
will inevitably occur when subjecting a machine to abnormal 
conditions such as landing in bad weather, or by forced 
landings in places with bad surfaces and obstructions. 

To cope with such accidents it is necessary that the work of 
repairing machines should be facilitated as far as possible to 
avoid their being out of commission for unduly long periods, 
and to permit the damaged parts to be replaced without in- 
volving an excessive amount of work. 

The designer can materially assist in arriving at such con- 
ditions by developing on standardization lines throughout the 
design.’ It is encouraging to note that great advances have 
been made in this country during and even previous to the 
war, as regards rigging attachments, piping connections, brac- 
ings, ete., and generally the smaller parts which are common 
to most types of aireraft; but there is still ample room for 
further development in other parts, such as fuselage sockets, 
plane attachments, wiring plates, struts and fittings, to name 
only a few. 

Even in the ease of complete components there appears to 
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be room for further standardization, and in one ease this has 
been taken advantage of to a very large extent by arranging 
the design of the ailerons, elevators, and rudders so that they 
are all interchangeable. Such advances reduce the quantity 
of spares required, which is a very important item. 

Apart from standardization of the parts themselves, the 
use of as few different sizes as possible of parts such as bolts, 
nuts, wires, fittings, ete., also reduces the spares difficulty, 
and at the same time reduces to'a minimum the tool kit to be 
carried in the machine. 

An advantage of standardization especially concerning 
rigging attachments which perhaps has been overlooked but 
which is considered to be of great value, is the fact that in 
making replacements the danger of substituting parts under 
the required strength is practically eliminated, as a part of 
incorrect size will not assemble on the adjacent fitting. It 
also has the advantage that in making new fittings, or verify- 
ing the strength of an existing fitting, the load to which the 
part should stand can be picked up from a knowledge of the 
strength of the standards without involving extensive 
calculations. 

Repairs can also be facilitated by reducing to a minimum 
the amount of dismantling or stripping necessary to enable 
the replacement or repairing operation to be carried out. 
Particular offenders in this direction are continuous longerons, 
fittings which require to be slid on a member from the end 
instead of straddling it, fittings secured by rivets, or other 
permanent fixings, parts built up in position, and welded or 
brazed up structures. Seaplane hulls and floats are also 
typical instances where repairs are very extensive operations, 
even for rectifying the slightest damage. 

One of the greatest liabilities to danger in making replace- 
ments is the difficulty of determining the correct material from 
which the replaced part should be made, and it is contended 
that in cases where high tensile steel is used some provision 
should be made to enable the material to be readily indentified. 
Indeed, any case of employment of a special material, not 
readily distinguishable at sight from that commonly used, 
calls for such treatment. 

The author remembers one case where the designer had 
used a bolt of the standard dimensions, but in view of the 
excessive load which came upon it he had resorted to the use 
of a higher grade material to obtain the necessary strength. 
It happened that elsewhere on this particular machine there 
were standard bolts of the same size but of standard material. 
Naturally, at a later date, after overhaul, the bolts became 
mixed, and the structure collapsed in the air with fatal 
results. 

The provision of instructional notices containing informa- 
tion as to piping and wiring diagrams, rigging dimensions, 
doping schemes, and warnings generally, placed in convenient 
positions on the machine, is invaluable to those who have to 
attend to repair and maintenance generally, and it is strongly 
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urged that this practice be encouraged by the designers in 
order that their designs shall not be.abused. 





Bureau of Mines Bulletin 


The Bureau of Mines, Department of the Interior, 
announces the publication of a bulletin on the methods of 
testing and specifications for lubricants adopted by the Com- 
mittee on Standardization of Petroleum Specifications, and 
effective April 16, 1920. 

These new specifications are based on specifications which 
have been in force in the War, Navy and other Departments 
of the Government, but the Committee has harmonized the 
various requirements of the different departments and has 
standardized and simplified the specifications and methods of 
testing so as to provide a uniform code for all Government 
departments and agencies. 

The Committee wishes to call attention to two points in 
these specifications. The first is the method of grouping a 
large number of oils in three classes, A, B, and C. Class A 
comprises oils suitable for ordinary engine and machine 
lubricating; Class B, oils for high-speed engines, turbines, 
and dynamos, where an emulsion test is required; Class C 
comprises oils suitable for gasoline engines, motor cars, and 
air compressors, also oils which can be used as extra high 
grade turbine and dynamo oils. Oils of Class C meet require- 
ments for carbon residue as well as emulsification tests. 

Each of the three classes is divided into five grades, ac- 
cording to viscosity, known as extra light, light, medium, 
heavy and extra heavy, thus covering the bulk of the oils 
used by the Government. The other specifications refer to 
special oils and greases for particular purposes. 

The second point to be noted is that specifications have been 
drawn on the basis of lubricating efficiency without reference 
to the sources of the 6il. This leaves the refiner free to use 
any crude oil from which he can make satisfactory lubricants, 
and to adopt any process of manufacture he may find 
necessary. 

The Technical Subcommittee is planning to hold an open 
meeting to discuss further specifications for petroleum 
products which may be necessary. 

Copies of this bulletin may be obtained free of charge by 
addressing the Director of the Bureau of Mines, Washington, 
D. C. 





ae 








Tue First German Twin Encrne Arrpiane, DesiGNep By QO. UrSINUS, AND THE FORERUNNER OF THE GOTHA 








The Claudel carburetor, widely used in Europe for twenty 
years, is now made in America by the Claudel Carburetor Co., 
Long Island City, N. Y. This highly-perfected, plain-tube 
mixing device was designed by Charles Henri Claudel, the 
pioneer in the development of the plain-tube type of carbur- 
etor, who is recognized as the foremost European authority 
on carburetion. 

Records made by the Claudel carburetor in European racing 
before the war were both numerous and comprehensive, 
ninety-three first prizes being captured in 1913, in addition 
to the Indianapolis race and the breaking of all world’s 
records on the Brooklands track in England. As a result, 
Claudel carburetors were employed extensively on the fore- 
most Allied aviation engines from the beginning of the war 
in 1914 until the end. Among these were the Rolls-Royce, 
Sunbeam, Peugeot, Salmson, Hispano-Suiza and Renault. 

Claudel carburetors made the first round trip across the 
Atlantic from England to America on the Sunbeam engines 
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Fic. 1. Dirruscr or CLAUDEL CARBURETOR IN SECTION, AND 
Its COMPONENTS 


of the British dirigible R-34. They were also used on the 
Rolls-Royce engines of the Vickers-Vimy airplane which was 
the first plane to make a non-stop flight across the Atlantic. 
The fact that this craft completed its long flight with one- 
third of its fuel unused is a striking commentary on the fuel- 
saving ability of the Claudel. 

Another record held by the Claudel carburetor is that for 
power and speed established by Sadi Lecointe, the famous 
French aviator, who set a new world’s speed record of 232 
miles per hour. 

Americanized in Design 


The engineers of the Claudel Carburetor Co. have Amer- 
icanized the European model of the Claudel to meet the par- 
ticular requirements of engineering needs in this country. 
They have added several features demanded by the American 
motorist, such as a quick starting device and rapid accelera- 
tion with a cold engine. 

The Claudel Carburetor 


Early carbureting devices employed a spring-controlled air 
valve in an effort to secure the proper mixture balance 
throughout a wide range of engine speeds. In 1903 Charles 
Henri Claudel, of Paris, France, patented the first tube auto- 
matic compensating carburetor without the use of moving 
parts. His early principle of breaking up the gasoline by a 
swift current of air, making an emulsion inside the jet itself 
before delivery to the carburetor proper was original with him 
and has since been widely copied. The modern Claudel retains 
the same principle, refined and improved to vaporize the 
heavy fuel of today. 

The Claudel Principle 

The automatic functioning of the Claudel carburetor is 
based upon the action of the diffuser jet assembly. This de- 
vice combines three distinct principles of operation : 


The Claudel Carburetor 
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Fic. 2. Section THROUGH THE STANDARD AMERICAN DESIGN 
oF CLAUDEL CARBURETOR 


First—The orifice or jet which supplies all of the liquid 
fuel is placed at charge, or below the fuel level, where its flow 
is proportional to the difference in head. 


Second.—The diffusor proper is in “shunt” position, that 
is, enclosed in a chamber with openings at one end to the at- 
mosphere and at the other end to the suction in the carburetor, 
thereby reducing the effect of the suction on the fuel flow. 


Third.—Through the nozzle holes in the diffusor head the 
interior emulsion chamber of the diffusor is placed under the 











Fic. 3. GENERAL VIEW OF THE AMERICAN CLAUDEL CARBURETOR 

























May 15, 1920 


direet action of the vacuum in the carburetor, increasing the 
discharge as the vacuum is increased. 

The combination of these three principles of operation, cor- 
rectly applied, gives a balanced mixture exactly proportioned 
for the best results at every engine speed and load. 

The Claudel is really a combination of two types of jet, one, 
the main jet, Fig. 1, of constant flow per unit of time; the 
other, shown as a series of nozzle holes, of suction-controlled 


flow. Fig. 1 indicates the fuel level when the carburetor is at - 


rest. Fuel from the float chamber flows through the main jet 
into the duffusor, then through the compensating holes into 
the reservoir or diffusor bore. It also flows through the 
idling” jet into the idling tube, the level in the three tubes being 


- the same as that in the float chamber. 


The Diffusor 


Air at atmospheric pressure enters the outside base or air 
tube of the diffusor column, passes up this outer sleeve and 
over the top of the gasoline guard tube, which prevents the 
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The Idling Device 


The idling device is incorporated in a central tube pro- 
jecting up into the depression of the barrel throttle where a 
strong pull is exerted on the idling jet for low-speed action. 
The barrel throttle is slotted to pass around the idling jet 
and the only adjustment on the carburetor is a screw extending 
into the air space to partially block off the area of this slot 
as desired. Screwing it in lessens the air area and enriches 
the idling mixture. Screwing it out makes the mixture leaner. 

Easy Starting Feature 


In the American type of Claudel carburetor shown in Fig. 
2, a decided improvement has been incorporated for strangling 
the air by means of a sliding air cone, controlled from the 
dash. This device assures quick starting and warming up in 
cold weather, and absolutely disregards temperature. The 
streamline aif cone, concentric with the diffusor, may be 
raised into contact with the venturi, shutting off the air supply 
and putting the full suction on the diffusor. In this position 


























Figs. 4—6. DiaGrams or Mixture FLow in CLAuUDEL CARBURUTOR. 


fuel from overflowing. As the throttle is opened gradually 
and the suction in the diffusor increases, thereby lowering the 
liquid level in the diffusor bore, a series of air bleed or com- 
pensating holes are progressively uncovered. Through these 
holes the air rushes into the ascending column of gas vapor 
and out the nozzle holes at the top of the diffusor in a finely 
broken-up gasoline emulsion. The higher the suction acting 
upon the diffusor, the lower will be the level of gasoline within 
it, and therefore, more of the compensating holes will be un- 
covered, permitting a greater dilution of the mixture. 

At the higher speeds the diffusor is practically emptied 
and twenty-one spirally-arranged air bleed holes are in action. 
As the gasoline globules are lifted by the suction, they must 
pass through a barrage of twenty-one air guns shooting at 
right angles into the ascending fuel. This turbulent mixing 
effect produces a finely divided fuel emulsion ideal for rapid 
flame propagation, extreme economy and high power. The 
diffusor discharge is in approximately the ratio of fifteen 
parts of air to one part of gasoline by volume. This thorough 
intermixture of air and gasoline before it enters the carbure- 
tor barrel is the Claudel method of breaking up the heavy fuel 
of today for extreme economy. 

It will be easily seen that any kind of a power or consump- 


tion eurve desired can be secured by changing the size and > 


position of the compensating holes in the diffusor wall. For 
example, if the consumption curve shows a rich spot at an 
engine speed of 1000 r.p.m., the holes at this level of the gas- 
oline in the diffusor could be enlarged, thinning out the mix- 
ture and bringing it to the point desired. In this way, an exact 
gasoline and air ratio can be maintained for the best results. 

The clean, streamline interior of the Claudel plain-tube 
carburetor, with the barrel throttle giving an extended venturi 
effect, leaves no obstruction in the path of the charge and con- 
sequently full volumetric efficiency is seeured. Also the 
gradual taper of the interior walls holds the mixture in uni- 
form suspension and velocity. 








Lert: BARREL THROTTLE IpLiInG, IpLING JET IN 
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it is only necessary for the cylinders to exhaust the air in 
the top of the carburetor before the diffusor discharge must 
commence. This action is instantaneous, as the volume is 
small. 

Referring again to Fig. 2, the sliding cone A, in its closed 
or strangling position, fits snugly into the venturi entry V. 
The streamline shape of the cone centers and steadies the air 
stream so that it passes the nozzle holes of the diffusor with 
high velocity and in an even column ideal for the best results. 
In its lowest position the cone offers no restriction to the 
maximum performance required and is of benefit in minimi- 
zing air intake turbulence. 

In warming up a cold engine when a richer mixture is nec- 
essary, the cone A may be dropped slightly, forming a var- 
able venturi. With the cone in this restricting position one 
may readily get away while his engine is still cold. Thus, in 
reality, the Claudel acts as a double carburetor—one of small 
venturi for normal driving, and, with lowered cone, another of 
full engine capacity. 

The advantage of the Claudel cone over the common type 
of butterfly strangle valve, placed some three or more inches 
ahead of the fuel discharge nozzle, is very evident. In the 
latter type, all of the dead air lying between the nozzle and 
the strangler valve must be exhausted before fuel will begin to 
flow. In the Claudel type, suction on the nozzle is instan- 
taneous. 

When the common type butterfly strangler is only slightly 
open (condition when warming up), the small amount of air 
passing the fuel discharge nozzle has little or no velocity and 
hence can pick up very little fuel. Fuel, however, is dis- 
charged because of the greater pressure existing in the float 
chamber than in the mixing chamber, and. instead of being 
picked up by the air, this raw fuel runs down to the butterfly 
strangler, where the air velocity is highest, there to be only 
partially vaporized and carried into the engine. In the 
Claudel type, on the other hand, an emulsion is discharged 
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from the diffusor nozzle where it is immediately carried upward 

by the air entering at high velocity through the small, annular, 

streamline passage between the cone and the venturi. 
Airplane Altitude Corrector 

On the Claudel airplane carburetor the air cone, in much 
the same design, is used as an altitude corrector. Due to the 
lesser density of the air at high altitudes and the consequent 
lessened oxygen content of a given volume, it is not necessary 
to supply the same amount of gasoline for complete combus- 
tion as at ground level. Hence the flow of gasoline must be 
checked to secure the desired economy. 

In the airplane Claudel, a venturi is installed several sizes 
in excess of the capacity required at ground level. The 
streamline cone is then raised and adjusted in the position of 
best performance at ground level. When the plane reaches an 
altitude of several thousand feet the pilot lowers the cone pro- 
gressively as he ascends, enlarging the venturi, decreasing the 
suction on the diffusor and retarding its delivery. Full power 
is thus obtained without waste of fuel. This corrector has 
been used with great success on Claudel aviation carburetors 
during the last year of the war and subsequently. 

A High Grade Instrument 

The Claudel is a very high grade carbureting instrument 
built in a number of standard 8S. A. E. vertical sizes. A hor- 
izontal model will be announced later. Special models, how- 
ever, for special installations are built to order, including 
airplane and duplex designs. 





Book Reviews 


ArpPLieD AERODYNAMICS By Leonard Bairstow (Longmans, 
Green and Co. 565 pp. with many illustrations and diagrams.) 

The publication of Mr. Bairstow’s hook constitutes some- 
what of an aeronautical event. Mr. Bairstow’s reputation is 
perhaps, as high as that of any aerodynamicist. His many 
years work at the National Laboratory, his work during the 
war, as expert adviser in aerodynamics to the British Air 
Ministry, enables him to write with the highest degree of 
authority. 

A great part of the book is based in research work, which 
Bairstow has himself carried out, or initiated. 

The text-book on Applied Aeronautics, contains a full and 
adequate treatment of theory of flight, of dynamical 
stability, dynamical similarity, and other aspects of the 
science of Aeronautics. It contains perhaps the best pub- 
lished summary of all important wind tunnel work, which has 
been carried out in recent years, including the work done 
during the war. The treatment is simple and straightforward, 
even though the mathematics may at points be terrifying. 

While Mr. Bairstow is perhaps more of a physicist than an 
engineer, he has consistently kept the needs of the engineer in 
view, and he has at the same time laid great stress on the 
limitations of accuracy in aerodynamical work. 

These remarks give a general idea of the scope of the work. 
The book differs from many other publications in present- 
ing original points of view. Even to the most hardened 
reader of aeronautical literature, every chapter, and some- 
times every paragraph of a chapter, has special and original 
significance. 

For example, it has been so long customary to assume an 
efficiency curve for the propeller, and the revolutions of the 
engine to remain constant under all conditions of flight, that 
the designer has almost forgotten the fundamental error in- 
volved in these assumptions. The author was, we believe, the 
first to plat the power required by the propeller at constant 
forward speed, and varying r.p.m., so getting a series of 
eurves which can be co-ordinated with the engine horse 
power at varying r.p.m., whereby this error is removed. 

In considering elementary aeronautical stability, an auth- 
oritative statement is given regarding the effects of down- 
wash, and one of the curves given indicates the downwash on 
the tail platted against the angle of incidence of the main 
wing. 

Another interesting curve shown gives the angle of down- 
wash at various distances from the biplane combination. 


There is a decided decrease in the angle of downwash on the 
tail plane the further away the tail plane is placed from 


the wings. An exponential formula of the variation is de- 
duced which may be of considerable value in this direction. 

Simple longitudinal balancing of the machine will always 
offer difficulties, because of the varying effects of downwash, 
but, if the results of the laboratories on downwash are care- 
fully employed, a closer approximation in longitudinal bal- 
ance seems nevertheless possible. 

An interesting feature, which while fairly well-known, is 
sometimes lost sight of, indicates that while stability may be 
obtained by a negative tail setting with a fairly wide varia- 
tion in the position of the center of gravity, nevertheless, the 
most stable machine is obtained when the center of gravity is 
far forward. When shifted further back, neutral stability 
is to be expected, and when the center of gravity shifts still 
further back, longitudinal instability must of necessity occur. 

The chapter on the methods of measurements at aerody- 
namical laboratories, is perhaps of more specialized interest. 

It is curious to see how the methods of measurements be- 
come simplified as time goes on. For instance, spindle correc- 
tions, a source of much former trouble, in the determination 
of the efficiency of a wing, disappear almost entirely by the 
simple method of suspending the airplane model or wing by 
a wire from the tunnel roof, and attaching another wire to 
the balance. 

A very interesting elementary treatment is presented of the 
aerodynamical forces due to accelerated motion. While this 
has very little bearing on heavier-than-air craft, “virtual 
mass” due to acceleration plays an important part in the sta- 
bility of the dirigible. 

It is quite saddening to see that while Mr. Bairstow has all 
the aerodynamical data that are worth while at his command, 
there are still no definite values tor the designer to trust to 
implicitly on biplane and triplane corrections, on full scale 
effects and other corrections. It still seems to be necessary to 
try out each new combination in the tunnel. 

A study of the resistance of the airplane landing gear ac- 
centuates the importance of considering the effect of interfer- 
ence between parts. The resistance of the two wheels of a 
landing chassis is increased some 10 to 15 per cent when 
placed in position and interfered with by the rest of the 
chassis. The shock absorber on a standard type landing gear 
is found to have as much resistance as the wheels. themselves. 
While the resistance of the entire landing gear is not so great 
as to be of paramount importance, yet these experiments open 
up a new line of thought, and engineers will soon realize that 
the resistance of parts when placed in disadvantageous juxta- 
position, may be a serious cause of inefficiency. 
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One chapter is headed, “Aerial Manoeuvers and the Equa- 


tions of Motion.” While the author states that he has just 
touched the fringe of the subject, this chapter will be of 
fascinating interest. With phinstaking methods of calcula- 
tion, step by step integration and careful experimental work, 
it is quite possible to follow the airplane through at least sim- 
ple maneuvers. Nothing but a serious study of this character 
will ever lead to a determination of stresses under all possible. 
conditions. 

It thus seems quite possible to calculate resistance deriva- 
tives for almost every possible condition. In view of the 
painful work involved in finding resistance derivatives 
experimentally, it seems to be quite necessary that methods of 
caleulation for resistance derivatives should be developed as 
rapidly as possible. 

A good deal of attention is given to air screws, and the 
treatment of their theory is perhaps as thorough as we have 
seen. In particular, the calculation of the forces on an air 
screw in yaw is very adequate. There are available some defi- 
nite statements in the chapter on airscrews. For example 
rotational inflow being neglected, a value of .035 can be taken 
for the translational inflow factor where 1 is a measure of the 
total slip stream increase in velocity. 


The chapter on fluid motion is treated in classical fashion. 
It is probably of less interest than any other portion of the 
beok. While the treatment of dynamical similarity and scale 
effects presents nothing very new, it is interesting to read the 
treatment of a master hand 

Prediction and analysis of airplane performanees have evi- 
dently been brought to a high pitch of accuracy by the Brit- 
ish. While constructors do not always find it practical to go 
into the refinements outlined in the book, it would seem quite 
possible now to get a very exact estimate of performance in the 
initial stages of a design. 

The chapter on stability is based mainly on Mr. Bairstow's 
own work. While the original papers are extremely difficult 
to read, notation and presentation are both improved in the 
book. There is a careful study of the manner in which gusts 
and other disturbances should be met by the controls. If it is 
possible to predict the exact action of the controls required 
under such conditions, it should subsequently be possible to 
design suitable automatical devices. The portion on distur- 
bed motion makes somewhat difficult reading. 





Tue Design or Screw PROPELLERS. With Special Reference 

to their Adaption for Aireraft. By Henry C. Watts. 
340 pp. Illustrations and Diagrams. (Longman’s, Green and 
Co., New York.) 

This is perhaps the most complete work on propeller design 
yet published, and is extremely well and authoritatively 
written. Development of the subject is based on a consistent 
theoretical outlook, thorough, mathematical to a large extent, 
yet not excessively so. The nomenclature is perhaps, somewhat 
clumsy, and will hardly appeal to American readers. 

Beginning with the usual definitions, the book follows on 
with some data on the aerofoil. It would have been better 
perhaps, if Mr. Watts had given less consideration to some- 
what out of date information in this chapter, on such subjects 
as changing the position of maximum ordinates, and given 
rather more examples of sections suitable for propeller work. 
A propeller designer needs as great a variety of good sections 
as is possible, and does not like to hunt for them in the 
original reports. 

The simple Drzewiecki theory is well developed, and with 
this theory as a basis, factors effecting efficiency and torque 
are clearly stated. There are also given some useful curves 
based on this theory for all the blade elements of a propeller. 
This chapter Will give even the beginner a coherent theory of 
propeller work, as a basis for subsequent refinement. 

It is gratifying to see a very practical outlook in this book. 
For instance, Mr. Watts deals clearly with the change of 
engine revolutions with the speed of the aircraft. It is a 
simple fact, yet, not generally realized, that at maximum 
flying speed of an aircraft, the engine is giving its maximum 
power for the speed at which the propeller fitted will allow 
it to run. If the speed of the aircraft decreases, the angle 
of incidence increases, and the torque required to actuate the 
propeller at the same r.p.m., increases, so that the engine 
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slows down; the angle of incidence then decreases, until a 
balance is obtained. It is points like these that are of even 
greater interest to the practical reader than rarefied mathe- 
matical theories. 

The author states that the thrust coefficient cannot be 
obtained from full size trials. This is perhaps too pessimistic 
a view of the possibilities of the thrust meter. The thrust 
meter has perhaps been developed to a greater usefulness in 
this country than abroad. A simple method of obtaining 
torque and power coefficients from full flight tests is given. 


We note for the first time, a Nomogram, connecting horse 
power, diameter, speed of propeller, and speed of aircraft. 

Step by step, the Froude momentum theory is combined 
with the Drzewiecki, and a design carried out on the combined 
theory. The most important experimentation in regard to the 
combined theory is summarized. 


There is a very complete consideration of overall efficiency, 
Mr. Watts is the first author to consider secondary overall 
efficiency, or efficiency when the airplane reduces its forward 
speed to flying, while the engine is maintained at full throttle. 


Valuable rules are given on the calculation of the axial 
inflow velocity for routine design. These rules are based on 
considering the center portion of the propeller dise as ineffec- 
tive, and equating the thrust to the change of momentum. As 
is customary with all British writers, one third of the inflow 
is considered as taking place ahead of the propeller. In 
considering flow through the propeller, it is interesting to 
see that towards the hub there are lines of flow in the reverse 
direction indicating a region of negative thrust. Streamlining 
the hub of the propeller may be quite a valuable help to 
efficiency. On slow air speeds it appears that the streamlines 
concentrate more about the axis of rotation than at high 
speeds. It is therefore to be expected that the resistance of 
a body placed behind the propeller, will have a greater effect 
on the propeller performance at slow speeds than at high, 
but the general conclusions drawn regarding the interference 
of a body on a propeller is that the interference effect is of 
the same character for all forward speeds, namely, intcrfer- 
ence increases both the thrust and efficiency and reduces the 
rotational speed of propeller and engine. 

A very complete ,analysis of the strength of a propeller is 
given. A consideration of gyroscopic forces is included as 
well as one of the air and centrifugal forces. The method is 
perhaps a little too complex for routine design. 

The author indicates how a propeller with a straight leading 
edge may lead to tension on the glued joints, a point which 
is of great importance on propellers to be used in hot climates. 

In considering geared motors, the author is strongly of the 
opinion that gearing will be worth while only for compara- 
tively large powers. 

We fully agree with the author in his conclusion that there 
are very few points in favor of the four bladed propeller. 
With a four bladed propeller, the efficiency is decreased, the 
equivalent body diameter is increased relative to the pro- 
peller diameter, the material used in manufacture is increased 
by about 50 per cent and the difficulties of packing and 
transporting are increased. The advantages of the four 
bladed propeller appear to be greater strength and smoother 
running. 

Some interesting conclusions arrived at on the tandem pro- 
peller are summarized herewith :— 

1. The efficiency of working of the following propeller is 
reduced by the slipstream of the leading propeller. 

2. The efficiency of the tandem combination is increased by 
rotating the propellers in opposite directions. In a particular 
case tested the efficiency of the combination was increased by 
about 4 per cent under climbing conditions, asuming the two 
propellers to be giving the same thrust and that the perform- 
ance of the leading propeller is not appreciably affected by 
the working of the following propeller. 

3. The performance of the front propeller is only slightly 
modified by the working of the following propeller. 

4. It would appear advantageous to use propellers of 
different diameters, the larger propeller leading. 

The generally accepted conclusion that a variable pitch 
propeller will enable the revolutions to be kept constant from 
maximum speed to climbing speed and to maintain the revo- 
lutions with altitude, is arrived at by deduction. 
































The Lift of Hydrogen 


By Squadron Leader P. L. Teed, R. A. F. 


The term Lift as applied to airships is equivalent to buoy- 
ancy, and like buoyancy, when applied to water-borne ships, 
it depends on two considerations :— 

(1) The weight of the ship. 
ni?) The weight of supporting medium displaced by the 
ship. 

Here the analogy between water and air borne craft ceases. 
For in the case of water-borne ships (other than the sub- 
marine) a condition of equilibrium always prevails; if the 
weight of the ship is increased its displacement is increased, 
the water line being altered, but a state of equilibrium 
continues. 

The airship, being entirely surrounded by the supporting 
medium, has no equivalent to the alteration in water line pro- 
ducing equilibrium. With change in weight of the displaced 
supporting medium the airship may possess either positive 
or negative buoyancy. 

While the structural weight of the ship remains constant, 
the weight of medium displaced by the ship is subject to con- 
siderable variation. 


The following affect the buoyancy: 


(1) The volume of gas in the airship. 

(2) The purity of the gas. 

(3) The barometric pressure of the air. 

(4) The temperature of the air. 

(5) The amount of water in the air. 

Of the five matters affecting the lift of an airship apart 
from its volume, the purity of the gas is generally to be taken 
to be the most significant factor, but the combination of tem- 
perature and barometric pressure may produce even more 
important variations. 

The maximum purity of hydrogen in an airship does not 
exceed 98 per cent by volume, while certain chemical consid- 
erations necessitate the deflation of the airship at 80 percent 
by volume. 

Under mean atmospheric conditions, viz, temperature 55 
deg. Fahr. and barometer 29.5 in., the lift of 1,000 eu. ft. of 
hydrogen at 98 per cent purity is 69.7 lb., while under the 
same atmospheric conditions at 80 percent purity it is 56.8 
Ib.—a variation of 12.9 lb. per 1000 cu. ft. of volume. 

Now turning to purely atmospheric effects, 1,000 cu. ft. of 
98 per cent pure hydrogen at a barometric pressure of 31 in. 
and at a temperature of 20 deg. Fahr. gives a lift of 78.6 lb. 
while an equal volume of gas of the same purity at a baro- 
metric pressure of 28 in. and a temperature of 80 deg. Fahr. 
gives a lift of 63.2 lb., a variation of 15.4 lb. per 1,000 cu. ft. 
of volume. 

Having illustrated the variations in lift due to (1), purity, 
and (2), to atmospheric changes, it is perhaps permissible 
to state that while the lift of 1,000 eu. ft. of hydrogen 98 per- 
cent pure at a temperature of 20 deg. Fahr. and under a 
barometric pressure of 31 in. is 78.6 lb., the lift of 1,000 eu. 
ft. of hydrogen 80 per cent pure at a temperature of 80 deg. 
Fahr. and under a barometric pressure of 28 in. is 51.5 lb., a 
variation of 27.1 lb. per 1,000 eu. ft., which represents the 
extremes of purity and atmospheric conditions which may 
easily be met with. 

Having dealt with the general principles of lift and illus- 
trated its variations by some examples, the question will now 
be dealt with in detail. 


Purity of the Gas 


It is customary to give the chemical composition of the hy- 
drogen in an airship as so many per cent. pure. This term 
requires definition. By the percentage of purity of hydrogen 
is meant the percentage of hydrogen contained by volume, 
assuming the impurity to be of the same density as air. 

Now it will be seen that if the impurity in the hydrogen is 
air, then since air in air is without weight, the relative lift 
of equal volumes of impure hydrogen under the same atmos- 
pheric conditions is in the same ratio as their hydrogen con- 
tents (by volume). To sum up: The lift of unit volume is 
directly proportional to purity. 
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Alteration in Lift by Barometric Change 


One thousand eubie feet of pure hydrogen at 30 in. baro- 
metrie pressure and a temperature of 40 deg. Fahr. weighs 
5.55 Ib. 1,000 en. ft. of dry air under the same atmospheric 
conditions weighs 80 lb. Therefore, on the basis lift is the 
difference between displaced weight and displacing weight: 

80 — 5.55 Ib = Lift of 1,000 cu. ft. of pure hydrogen 

at 30 in. Barometer and 40 deg. Fahr. 
= 74.45 Ib. 

Now assume that the temperature remains constant but 
that the barometer changes to 31 in. Then by the application of 
Boyle’s Law it will be seen that: 

80x31 5.55 x 31 Lift per 1,000 eu. ft. of 100 

— = per cent pure hydrogen at 31 





30 30 in. Barometer and 40 deg. Fahr. 
= 82.6 — 5.73 
= 76.93 Ib. ° 


But the above is an unnecessarily complicated way of ar- 
riving at the desired result, for the mathematical expression 
may be simplified to: —— = 


31 31 
— (80 — 5.55) = — (74.45) 
30 30 

= 76.93 Ib. 


But 74.45 lb. is the lift of 1,000 eu. ft. of hydrogen 100 per- 
cent pure at 30 in. barometer and 40 deg. Fahr. 

Therefore the rule may be expressed: The Lift of the unit 
volume is directly proportional to barometric pressure. 


Alteration in Lift by Thermometric Change 


By the direct application of Charles’ Law it can be shown 
that: Lift of unit volume is inversely proportional to the 
absolute temperature. 

To summarize the three rules which have already been 
stated : 

(1) Lift of unit volume is directly proportional to purity. 

(2) Lift of unit volume is directly proportional to baro- 
metrie pressure. 

(3) Lift of unit volume is inversely proportional to abso- 
lute temperature. 

From the above the following formula may be deduced to 
give the lift of 1,000 cu. ft. of hydrogen under any condition 
of purity, temperature or barometer: 


74.45 x per cent purity x barometer x 500 


Lift per 1,000 __ in inches 


Cu. Ft. in lbs. 





100 x 30 x (460 plus temperature 
in degrees Fahr.) 


12.41 x per cent purity x barometer in inches 





460 plus temperature in degrees Fahr. 
The Temperature of the Gas 


In the formula which has been given it has been assumed 
that the temperature of the gas is the same as the temperature 
of the air—-a condition which generally prevails in the air- 
ship shed, but during flight there is frequently a material 
difference in temperature between the two. This difference 
arises in two ways: 

(1) The effect of sun on the gashag. 

(2) The effect of a quick descent after flying for a consid- 
erable time at a high altitude. 

In the first case the sunlight striking the gasbag fabric 
causes this to rise above the air temperature, the heat being 
in course of time transferred to the gas itself. The gas then 
expands in accordance with Charles’ Law. Now in rigid 
airships if the gasbag is not full, or in non-rigid ships if 
there is air in the ballonets, this expansion will cause a 
greater volume of air to be displaced and consequently an 
increase in lift to take place. 

For example: At 40 deg. Fahr. and 100 percent purity 
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1,000 en. ft. of hydrogen weighs 5.55 lb., and 1,000 cu. ft. of 
air under the same atmospheric conditions weighs 80 Ib. Hence 
the lift per 1,000 eu. ft is: 
80 — 5.55 Ib. 
= 74.45 Ib. 

Now assume that the temperature of the gas rises to 50 

deg. Fahr. Its volume instead ‘of being 1,000 cu. ft. will be :— 
1,000 x 510 


500 
= 1,020 Cu. Ft. 

But its weight is still 5.55 lb., although the weight of air 
displaced is not the same; for instead of 1,000 cu. ft. being 
displaced, 1,020 eu. ft. are displaced, which weigh: 

80 x 1,020 
—————— fh. 


Cu. Ft. 


1,000 
= 81.6 lb. 
So the lift of the original 1,000 cu. ft. of gas becomes: 
81.6 — 5.55 lb, 
= 76.05 lb. 

This alteration in lift by difference in temperature of the 
gas may at first sight appear to be of mere academic interest, 
but in large airships this is certainly not the case. Take the 
ease of a Zeppelin of 1,250,000 cu. ft. maximum capacity 
containing only 1,000,000 eu. ft. of hydrogen. The ship is 
flying in equilibrium when the sun comes out and causes the 
gas temperature to rise from 40 deg. Fahr. to 50 deg. Fahr. 
Then, as has already been seen, the lift of the gas is increased 
1.6 Ib. for every thousand feet of gas in the ship at 40 deg. 
Fahr; but the volume of gas was assumed to be 1,000,000 cu. ft. 
therefore the lift of the ship will be increased : 


1000 x 1.6 Ib. 
= 1,600 bb. 

This alteration in lift during flight of large airships is 
of considerable importance, and it is consequently necessary 
that the pilot should always be acquainted with the relative 
temperature of the gas and air, for which purpose electric 
thermometers are now fitted inside the gasbag, recording in 
the car. 

The Amount of Water in the Air 

Though it may not appear of importance, the humidity of 
the atmosphere has a certain effect on the lift of hydrogen. 
The greater the amount of water vapor in the atmosphere 
the less the weight of mol foclnes of air consequently the 
less the lift of unit wolume of hydrogen, for the difference 
between displaced and displacing weight is less. 

This alteration in lift due to humidity is not very material, 
as it does not generally cause a difference in lift of more than 
3 lb. per 1,000 eu. ft. of gas. However, in the case of “lift 
trials” some adjustment must be made for humidity. This 
adjustment can most easily be made by observing the dif- 
ference, in temperature between the wet and dry thermometer 
and then employing an empirically compiled table which gives 
the necessary adjustment per 1,000 ft. of gas. 

The Lift of Airships 

So far the lift of hydrogen and the phenomena which affect 
it only have been dealt with. Now the lift of airships will be 
considered. Before dealing with this, two terms require de- 
finition: one, Available Lift, the other, Disposable Lift. 
Available Lift is the total lift of the gas in the airship. Dis- 
posable Lift is the difference between the available lift and the 
fixed weight of the airship. The Disposable Lift is that 
buoyancy whieh is available for carrying fuel, oil, crew and 
ballast. 

As will be seen, both the Available Lift and the Disposable 
Lift will vary with temperature, barometer, humidity and 
purity. Consequently a custom has originated in classifying 
airships on their available lift, assuming the ship to be 100 
per cent full, with hydrogen 95 per cent pure, the barometer 
being 29.5 in., the thermometer 55 deg. Fahr. and the air dry. 

From the formula for lift already given, or by means of 
the Scott-Teed Slide Rule, it can be calculated that the lift of 
gas under these conditions is 67.7 Ib. per 1,000 cu. ft. Thus 
the tonnage of existing @lasses of English airships are :— 


60 x 67.7 
2240 


S. S. class tons = _ 1.81 tons. 
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185 x 67.7 
C. P. class ————-- tons = _ 5.59 tons. 
2440 
360 x 67.7 
N. S. class ————-- tons = 10.88 tons. 
2240 


In building airships their Disposable Lift under the con- 


- ditions of purity, humidity, barometer and temperature al- 


ready mentioned is generally specified but when the Disposable 
Lift is taken practically, it is improbable that all, if any, of 
the specified conditions exist; consequently the practically 
obtained figure must be converted by simple mathematics to 
what it would have been had the conditions of the specifica- 
tion prevailed. 

To convert Disposable Lift from one set of conditions to 
another the following must be known :— 


(1) Disposable Lift on the oceasion of the trial. 

(2) Temperature on the occasion of the trial. 

(3) Purity of Gas_ on the occasion of the trial. 

(4) Barometer on the occasion of the trial. 

(5) Humidity of the air on the occasion of the trial. 

(6) Volume of the gas, or fixed weight of ship on the oc- 
easion of the trial. 


To take an example: Let it be assumed that by practical 
trial 9 tons was found to be the Disposable Lift of a 1,000,000 
cu. ft. airship, 100 per cent full of hydrogen 98 per cent pure, 
when the barometer was 30 in., the temperature 40 deg. Fahr., 
and the humidity of the atmosphere negligible. It is required 
to know what would be the Disposable Lift under the gener- 
ally specified conditions, namely 100 per cent full of hydrogen, 
95 percent pure, when the barometer is 29.5 in. the temper- 
ature 55 deg. Fahr., and the humidity negligible. 

The first thing to be done is to determine the total lift on 
the occasion of the practical trial. 


By means of the Lift Formula already given, or by means 
of the Scott-Teed Slide Rule, determine the lift per 1,000 cu. 
ft. of gas on the occasion of the trial. This will be found to 
be : 73.0 Ib. per 1,000 eu. ft. 

Now the volume of the ship is known to be 1,000,000 cu. ft. 

73 x 1,000 
Therefore ——— tons is the Available Lift, 
2240 
= 32.59 tons. 
Now the Disposable Lift of the ship was found by trial to be 
9 tons. 

Therefore 32.59 — 

= 23.59 tons. 

Now by means of the formula or slide rule determine the 
lift per 1,000 cu. ft. of hydrogen under the conditions of the 
specification. This will be found to be:— 

_ 67.7 Ib. 
Therefore under the conditions of the specification 


67.7 x 1,000 
———_———- tons is the Available Lift, 


9.0 tons is the weight of the ship. 


2,240 
= 30.22 tons. 
But the fixed weight of the ship was found to be 
23.59 tons. 
Therefore 30.22 — 23.59 tons is the Disposable Lift under 
specified conditions. 
= 6.63 tons. 
If the fixed weight is known but not the volume. 


In the example which was taken the volume of the ship: was 
known but not its fixed weight. Now let it be assumed that 
the weight was known but not the volume. Under these cir- 
cumstances, if in other respects the same problem was to be 
solved, the procedure would be: 

Determine the lift per 1,000 cy. ft. on the occasion and 
circumstances of the trial. This would be: 73 lb. per 1,000 
eu. ft. 

Now the weight of the ship was known to be 23.59 tons. 


Therefore 23.59 plus 9 tons is the Available Lift of the ship, 


= 32.59 tons. 
32.59 x 2240 - 
Therefore —_—- thousand cubic feet is the vol- 
73 ume of the ship. 
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= 1,000 thousand cu. ft. 
= 1,000,000 eu. ft. 

If neither volume nor fixed weight are known. 

Occasion may arise when it is desired to know the Dispo- 
sable Lift of an airship when the conditions’ of the specifica- 
tions do not exist and neither the volume nor the weight of the 
ship is known. . 

Let it be assumed that on the occasion of the practical trial 
the Disposable Lift was found to be 9 tons when the ship was 
100 per cent full of gas of 96 per cent purity and the bar- 
ometer was 29.8 in. and the temperature 30 deg. Fahr. 

Determine the lift of 1,000 eu. ft. of hydrogen under these 
circumstances by formula or rule. It will be found to be 
72.5 lb. 

When this has been done, it is necessary to wait until some 
of the conditions have altered. Assume on a later occasion 
that the ship is 100 percent full with hydrogen 95 per cent 
‘ pure, when the barometer is 28.5 in. and the temperature 60 
deg. Fahr. Take the Disposable Lift, which for purposes of 
argument will be assumed to be 5 tons. 

Then work out the lift per 1,000 cu. ft. of hydrogen under 
the conditions prevailing. 

This will be found to be: 

64.7 Ib. per 1,000 ecu. ft. 

Between the first and the second trial the Disposable Lift 
has altered from 9 tons to 5 tons, and the lift per 1,000 eu. ft. 
from 72.5 to 64.7 lb. 

Now the difference per 1,000 ecu. ft. 
occasions is 72.5—64.7 lb. = 7.8 lb. 

The difference in Disposable Lift, 9—5 tons. 


in lift on the two 


= 4tons = 8960 lb. 
Therefore since the fixed weight of the ship has remained 
8960 
constant, ———-- is the volume of the ship in thousands of cubic 
7.8 


feet, 
== 1148.7 thousand cu. ft. — 1,148,700 eu. ft. 

The volume being now determined, from the methods 
already described it is possible to calculate the Disposable 
Lift under any conditions whatever. 

To summarize, the following are necessary for the conver- 
sion of Disposable Lift: 

Under Conditions of Lift Trial 
Available Lift 100 per cent full — Disposal Lift found 
= Fixed Weight. 
Under Conditions to Which Disposable LiftIs to Be Converted 
Available Lift 100 per cent full — fixed weight = 
Disposable Lift. 

Since this memorandum was written, very accurate deter- 
minations of the relative weights of hydrogen and dry air have 
been made by the British National Physical Laboratory with 
the result that the lift of 1,000 eu. ft. of hydrogen at 30 in. 
barometric pressure and at a temperature of 40 deg. Fahr. 
has been found to be 74.06 lb. consequently the lift formula 
should be: 

12.34 x per cent purity x bar. in inches 
Lift per 1,000 cu. ft = 





460 plus Temperature in degrees Fahr. 
The Scott-Teed Lift Slide Rule has been altered in accord- 
ance with this determination. 





N. A. C. A. Reports 


ConsTRuUCTION OF Wind TUNNEL MopELs. Synopsis of Re- 
port No. 74, National Advisory Committee for Aeronautics. 

This report gives a full description and discussion of the 
best methods to be employed in constructing models of air- 
craft and parts thereof for testing in wind tunnels. It in- 
cludes material on the construction of model aerofoils, of 
fuselages, and of tail surfaces, and also on the types of models 
to be used for such special tests as those on pressure distribu- 
tion. The amount of detail which it is desirable to include on 
a wind tunnel model is discussed, and the means of approxi- 
mating the resistance of radiators and other appendages 
without constructing geometrically similar models are treated. 
In short, the report is a general handbook on the subject, and 
is designed to elimirfate the difficulties which airplane design- 
ers often experience in obtaining models suitable for wind 
tunnel use. 
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AIRPLANE RANGES AND Userut Loaps.—Synopsis of Report 
No. 69. National Advisory Committee for Aeronautics. 

This report considers the question of possible ranges and 
useful loads for airplanes from two points of view. A sample 
ealeulation is made using a step-by-step method and a theor- 
etical solution is carried through and the two results com- 
pared. It is shown that the two methods check each other in 
a very satisfactory way which is fortunate as the theoretical 
formulae may be used with confidence and their numerical 
application is a very simple matter. 

It is quite evident that the factors upon which large range 
depends are the lift over drift ratio for the complete machine, 
the ratio of weight empty to weight fully loaded, the fuel 
consumption per horsepower hour of the motor and the effi- 
viency of the propeller. The qualities ofan airplane are 
completely characterized by these factors. The theoretical 
solution gives explicitly the way these factors contribute to 
its range and load carrying properties. 

The question of range with useful load is considered in- 
cluding a flight to an objective, delivery of load and return 
without refueling, this problem being of interest with respect 
to bombing. It is completely solved and a very practical and 
expeditious method is derived for all possible cases. Among 
other results are equations giving-time to attain a given 
distance-time required to use up a given weight of fuel and 
distance corresponding to a given weight of fuel. The effects. 
of climb at start and glide at end of flight are shown to be 
practically negligible. 

Comparisons of high speed flight and flight with minimum 
power are made with greatest range or economical flight, 
especially with regard to load carrying range and time. A 
special method for determining the effect of the wind from a 
single curve for all wind speeds either with or against the 
direction of flight is derived and applied and the effect of 
wind on angles of incidence for most economical flight is de- 
termined. Most of the formulae are applicable not only to 
range flights at most economical angles but‘also flight at any 
angle of incidence. 

ANALYSIS OF FusELAGE Stresses—Synopsis of Report No. 
76, National Advisory Committee for Aeronautics. 


This report, prepared by the staff of the National Advisory 
Committee for Aeronautics at Langley Field, is concerned 
chiefly with the assumptions to be made as to the loading on 
fuselages. A typical “stick-and-wire” fuselage is analyzed for 
different sets of assumptions as to landing loads and for three 
different conditions in flying. In treating flying conditions, all 
the inertia loads are included anda single stressdiagram is 
drawn including all the members from nose to tail. The inertia 
loads due to angular accelerations are shown to be very im- 
portant and to decrease the stresses in the rear of the fuselage 
by more than 50 per cent in some instances. 

The diseussion of stress analysis by graphical methods, is, 
of course, applicable only to “stick-and-wire” fuselages, but 
the treatment of inertia, damping, and tail loads is equally 
useful for veneer and monocoque designs. As a result of this. 
investigation of loads certain recommendations are made as. 
to the distribution of loads in sand-load testing of fuselages. 

Copies of these reports may be obtained upon request from 
the National Advisory Committee for Aeronautics, Washing- 
ton, D. C. 





Trade Note 


The Aluminum Manufacturers, Inc., of Fairfield, Conn., an- 
nounces the completion of their experiments on The Lynite 
Forging Alloy, which has the following physical properties: 
Tensile strength 55,000-65,00 lb. per. sq. in. 
Elongation 18-22 per cent in 2 in. 
Reduction of area 38-40 per cent in 2 in. 
Specific gravity 2.8 to 2.85 

This alloy seems to have considerable promise for automo- 
bile and high speed engine work. It offers possibilities of 
considerable saving in weight in special parts, as connecting 
rods, as an exampe, possessing high strength for its weight. 
The material has considerable ductility and on ductility tests 
connecting rods have been twisted completely around without 
fracture. 
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ANNOUNCEMENT. 








S chools | * 


The Curtiss Aeroplane and Motor Corporation has reopened 
its flying school at Garden City, Long Island, for instruction. 
Courses in motor and plane construction and repair, and 
theoretical courses in elementary aerodynamics, cross country 
flying, instrument reading, etc., will be given in addition to 
actual flying instruction under the supervision of pilots who 
have had actual experience in school work. 


Aerial Photography 


The Curtiss Aeroplane and Motor Corporation has in- 
augurated a Division of Aerial Photography. With the 
best of equipment and a staff of experts in addition to an organ- 
ization of distributors in every state in the Union, it is in a 
position to undertake assignments in any section of the country. 


Passenger-Carrying 


The Curtiss Aeroplane and Motor Corporation has re- 
sumed flying operations at the Curtiss Flying Field at 
Garden City, Long Island. Dependable Curtiss airplanes, 
manned by experienced and careful pilots, are available for 
flights, cross country work, aerial trips over the city, and 
aerial advertising. Special rates made to parties of five or 
more people. 


For quotations or information, write or telephone 
CURTISS AEROPLANE and MOTOR CORPORATION 


C. S. JONES, Mgr. Dept. of Flying Operations 
Garden City, Long Island, New York Phone Garden City 1580 





The America Trans-Oceanic Company, Curtiss distributor for Greater New York and Florida, has reopened its school 
for instruction in boat flying at Port Washington, L.I. Flying operations will be under the supervision of David McCullough, 
pilot of the NC-3 trans-Atlantic flier. 

The Curtiss Flying Station at Atlantic City is now in operation, with facilities for instruction in land and water flying, 
passenger-carrying, tours and aerial photography. : 
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In-Built 


Stamina 





Even those unfamiliar with 
the technicalities of airplane 
construction and operation feel 
the inherent trustworthiness of 
Boeing Aircraft. Some of the 
characteristics which contribute 
to this sense of safety are quick 
getaway and rapid climb, ease of 
flight with minimum use of 
control surfaces, marked absence 
of “‘skidding”’ or side slipping in 
making turns, and satisfactory 
performance in rough air. The 
built-in stamina of Boeing Air- 
craft commends them to the most 
cautious as well as the most 
versatile of pilots. Interesting 
detailed literature yours for the 
asking. 


Boeing Airplane Co. 
SEATTLE 
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AIRPLANE TACHOMETER 


‘* Best by Test’’ 


was designed especially for the United 
States Navy Department for use in the war. 


We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1—N C 3— 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 


The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 
5000 R. P. M. 


JONES AIRPLANE TACHOMETER 


is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
without extra attachment. 


JONES HAND TACHOMETER 


Carry one and you can note 
R. P. M. quickly, easily and 
accurately, wherever you hap- 
pen to be. Invaluable about 
power plants, generating sta- 
tions, turbines, engines, shaft- 
ings. Aneat little instrument 
of precision, with uniformly 
spaced dial, in handsome mo- 
rocco carrying case. 
ort of test by the United States Bureau 

our new booklet on tachometers. 





Send today fora 
of Standards «a 


JONES MOTROLA, Inc. 
31 W. 35th Street New York 


[ 
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THE HOME 85032 NEW YORK 


ELBRIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 


AIRCRAFT INSURANCE 


Against the Following Risks 


FIRE AND TRANSPORTATION. 

THEFT (Of the machine or any of its parts). 

COLLISION (Damage sustained to the plane itself). 
PROPERTY DAMAGE (Damage to the property of others). 


SPECIAL HAZARDS 


Windstorm, Cyclone, Tornado—Passenger Carrying Permit—Stranding and Sinking Clause—Demonstration Permit— 
Instruction Permit 


PON > 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 


Aireraft, Automobile, Fire and Lightning, Explosion, Hail, Marine (Inland and Ocean), Parcel Post, Profits and Commis- 
sions, Registered Matl, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tourists’ Bag- 
gage, Use and Occupancy, Windstorm 


STRENGTH REPUTATION SERVICE 
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An Unusual Opportunity 


To Complete Your Files of 


Aviation and 
Aeronautical Engineering 





We have a limited number of bound volumes covering the period from August 1, 1916 
to January 15, 1919, containing in every issue aeronautical engineering information of 
fundamental value. These volumes comprise a complete record of the science of avia- 


tion during the period of the great development of aerial warfare. 


VOL. I [_ -— * « 6 $25.00 
VOL. 1. -_ « *® & 10.00 
vo. mM... _ + » 5.00 
VOL. WV... 5.00 
VOL. V -_ * & 8 5.00 


Also the following sets not bound: 





VOL. Ill ‘ , . ‘ , 3.00 
VOL. IV : . , . . 3.00 
VOL. V ‘ , :, : : 3.00 
VOL. VI ‘ ‘ , . ° ° 3.00 

VOL. VII , . ‘ ‘ 3.00 


THE GARDNER-MOFFAT COMPANY, Inc. 
22 East 17th Street New York City 
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Hercules Airplane Special 


The HERCULES Airplane model is absolutely gas tight, heat proof 
and unbreakable. Gasket packing is of solid copper. Electrodes are of 
special alloy, oversize, with positive heat radiation to take care of ac- 
cumulated or generated heat at the base of the plug, and maintain 
a constant temperature, without sudden and _ violent changes. 
Insulators are unglazed, stone-like porcelain--unbreakable under heat or 
strain in any engine service. Electrodes will not fuse, flake or pit, but 
maintain a constant perfect gap adjustment of 15 thousandths, for 150 


hours. 


Many sets of these plugs have run 150 HOURS OR BETTER and 


are still in service, without readjusting or cleaning. No spark plug has ever 
been offered for airplane service with as perfect a record for depend- 


ability, as the model here illustrated. 


MANUFACTURED BY 
ECLIPSE MFG. CO. Indianapolis, U. S. A. 











“The Spark Plug 


That Cleans Itself’’ General Sales Office, 2400 Oliver Building 





Aluminum Company of America 


PITTSBURGH, PA. 
















Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


cial Power Distribution 
also 


Moulding, Extruded Shapes 
also 


CANADA 


**The Plug with the Infinite Spark’’ Northern Aluminum Co., Ltd., Toronto 


ENGLAND 











Northern Aluminium Co., Ltd., London 


BREWSTER-GOLDSMITH CORPORATION LATIN AMERICA 


33 GOLD STREET, NEW YORK CITY 





















for Industrial, Railway and Commer- 


Ingot, Sheet, Tubing, Rod, Rivets, 


Litot Aluminum Solders and Flux 


Aluminum Co. of South America, Pittsburgh, Pa. 
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Diamond Fibre is a superior material for aeronautical 
use because it combines great strength with light 


weight. 


Diamond Fibre is tougher than horn, almost as hard 
as iron, yet LIGHTER THAN ALUMINUM—un- 
usually high in dielectric compression, shearing, and 
tensile strength—does not splinter, split, crack, break 
or crystallize under severe vibration—impervious to 
oil and grease and unaffected by ordinary organic 


solvents—actually improves with age. 


Diamond Fibre readily takes any machining process 
and can be formed into the various shapes required. 
Furnished in sheets, rods, tubes, and special parts 


machined to your specifications. 


We also manufacture Condensite Celeron, a new 


waterproof material of remarkable properties. 


Samples, prices and complete information on request 


Dept. R 


Diamond State Fibre Company 


Bridgeport, Pa. (Near Philadelphia.) 
Di In Canada, Diamond State Fibre Co. of 
a S Canada, Ltd., Toronto. 





Edstrom Machinery Company 


WAR DEPARTMENT 
BUREAU OF AIRCRAFT PRODUCTION 
AIRPLANE ENGINEERING DEPARTMENT 


McCook Field, Dayton, Ohio, U. S. A. 
REPORT ‘Serial No. 646 


on test of cable terminal connections made on the Edstrom 
Wire Wrapping Machine. 


eee 


—— ae) 


Finished Products of the Edstrom Machines 


“| | Jt is to be noted that out of ten unsoldered speci- 
mens sizes 4%” to 5/32, only one failed at a load below the 
rated capacity of the cable. The 3/16” specimens served with 
copper wire failed at loads averaging 71 per cent of the full 
strength of the cable.” 

Note: The nine cables standing 100 per cent were wrapped 
ven the special strength wrapping wire we use on all our work. 
. The Edstrom Wire Wrapping Machine . 

should be given a trial where such 4 machine is desired.” 
We can give you stronger, neater and better work at a great 
saving of cost to you. 

Let us give you our price. 


FACTORY: 
Hunters Point 1835 


REVIEW AVE. Bet. Fox and Marsh Sts., LONG ISLAND CITY 
NEW YORK 

















PARAGON PROPELLERS 


Highly Developed Dynopter Design 
Special for J. N. Machines 











The Economy Propeller 


Par Excellence 


Price $45.00 F. O. B. Baltimore 
For Metal Sheathing Add $12.00 


These are a Special Development for O. X. Motors on 
J. N. Machines, now being made in large quantities and 
ready for immediate shipment on receipt of $15.00 
deposit. C. O. D. for baiance, with examination allowed 
before acceptance and safe delivery guaranteed. Every 
one bears the Paragon mark, with all that the mark 
implics. Get our General Booklet and List for other 
designs, etc. Write today. 


AMERICAN PROPELLER & MFG. CO. 
1261-9 Covington Street 
Baltimore, Maczyland, U. S. A. 








“RYLARD” 


THs SPECIAL VARNISH was adopted by 

the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. The 
whole of the output of “Rytarp” produced 
from our specially increased plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 
satisfaction. 


The most suitable Varnish 
for 
AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 


It Dries Quickly, will not Bloom, Crack, or Blister, is 
Impervious to Oil, Petrol, Sea Water, etc., and is 
unaffected by Sun or Rain. 


AMERICAN BRANCH: 


Llewellyn Ryland Co. of America 


64 East Van Buren Street, CHICAGO, U. S. A. 
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FIRST! 


On Wednesday, April 21st, the opening day of the San Fran- 
cisco, Cal., Aero Show, a “BRISTOL” Tourer won the Del 
Monte Aero Classic,—220 miles in 102 minutes actual flying 
time, or at the rate of 129 m.p.h. 


Not an exceptional performance,—simply more proof of 


* “BRISTOL” preeminence. 


We have some territory still open. 











Types Range 
2 Seater Tourer 630 mi. 
Pekar . 560 “ 
2 “ Coupe 630 “ 
2 “ Seaplane 500 “ 
3 7 ” 400 o 
1 “ Babe 190 “ 

Further information 
on request 


= 40 
se ee SP A G. mR A KR 2 ES 
Representing 
THE BRISTOL AEROPLANE CO. Ltd. 
512 Fifth Avenue New York City 











OHNS-MANVILLE Corrugated 

Asbestos Roofing, used for the 
roofs and side walls of hangars, 
gives weather-proof protection of 


splendid durability because it is im- 
mune to the corrosive action of sea- 
air, smoke or acid fumes —and it 
never needs painting for its asbestos 
surface is amply able to resist any 
climate. 


Write for information about Johns- 
Manville Corrugated Asbestos Roof- 
ing— you will probably find it 
peculiarly suited to your needs. 


H. W. JOHNS-MANVILLE CO., New York City 
10 Factories— Branches in 63 Large Cities 
For Canada: Canadian Johns- Manville Co., Ltd., Toronto 











FREDERICK W. BARKER 


REGISTERED PATENT ATTORNEY 


2 RECTOR STREET NEW YORK 
Telephone 4174 Rector Over 30 Years in Practice 





PRESIDENT 
ee AERONAUTICAL SOCIETY OF AMERICA 


7 From 1915 ro 1919 
ee 











SPECIALTY: Patent Claims That Protect 











THE QUALITY GOES IN BEFORE THE NAME GOES ON— 


HAMILTON PROPELLERS 


HAMILTON AERO MANUFACTURING COMPANY, MILWAUKEE, WISCONSIN 
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Upward of 5,000 gallons 
of Jeffery’s Patent 


PE ° 
ERY'S PAT Waterproof Liquid Glue 
has been used by the 


Wat 00 

SPs U.S. Navy and War De- 
] U L 4] partments and as much 
. ID G more by the various 
manufacturers of sea- 


planes having govern- 
ment contracts. 





























— 
OW & i L. W. Ferdinand & Co. 
SOSTON, MASS. 152 Kneeland Street 
“a Boston, Mass., U.S. A. 


For Your Flying 





LEARN TO FLY 


in old established school. under an instructor who has 
given instruction tu more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 





PIONEER RUNNING LIGHTS 


FOR WINGS AND 
TAIL -- STRONG 
LIGHT WEIGHT - LOW 
HEAD RESISTANCE 


INEXPENSIVE -- 


l/ FULL 
WRITE FOR INFORMATION 4 SIZE 


PIONEER INSTRUMENT COMPANY 
246 GREENWICH ST. NEW YORK CITY 
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The Doehler Engineering and Manufactur- 
ing Organization is exceptionally able to 
produce a superior product in any quantity. 


PUT YOUR PROBLEM UP TO 
DOEHLER’S STAFF OF EXPERTS 


THE WORLDS LARGEST MANUFACTURERS OF DIE CASTINGS 
DOEHLER DIE- CASTING Co. 


MA OF TICE AMD EASTERW PLANT CLNTRAL PLANT WESTERN PLANT 
BROOKLYN, N.Y. TOLEDO, OHIO. CHICAGO, ILL. 
SALES OFFICES IN ALL PRINCIPAL 














Aeronautical 


Air Service, Aircraft Production, U. 
Research Department, Airplane 


PART 1. AERODYNAMICAL THEORY AND DATA 


Classification of Main Data for Modern Airplanes; Unarmed Land 
Reconnaissance Machines; Land Training Machines 

Land Pursuit Machines; Land Gun-Carrying Machine; Twin-Engined 
All-round Machine 

Estimate of Weight Distribution 

Engine and Radiator Data 

Materials in Airplane Construction 

Worst Dynamic Loads; Factors of Safety 

Preliminary Design of Secondary Training Machine 

General Principles of Chassis Design mT 

Type Sketches of Secondary Training Machine—General Principles of 
Body Design 

Wing Structure Analysis for Biplanes 

Notes cn Aerial Propellers 


Modern Aerodynamical Laboratories 

Elements of Aerodynamical Theory 

Sustention and Resistance of Wing Surfaces 
Comparison of Standard Wing Sections 

Variations in Profile and Plan Form of Wing Sections 
Study of Pressure Distribution 

Biplane Combinations 

Triplane Combinations—Uses of Negative Tail Surfaces 
Resistance of Various Airplane Parts 


Resistance and Comparative Merits of Airplane Struts 
Resistance and Performance 
Resistance Computations—Preliminary Wing Selections 


Price, Postpaid, in the United States, $5.00 Net 


The Gardner, Moffat Company, Inc, Publishers 
22 East 17th Street, New York City 


Engineering and Airplane Design 


By LIEUTENANT ALEXANDER KLEMIN 


S. A., in Charge Aeronautical 
Engineering Department. Until 
entering military service in the Department of Aeronautics, Massa- 
chusetts Institute of Technology, and Technical Editor of AVIATION 
AND AERONAUTICAL ENGINEERING. In two parts. 


PART 2. AIRPLANE DESIGN 
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Grand Rapids Vapor Kilns 


are used by these aircraft concerns with absolute 
satisfaction. 


Standard Aircraft Corporation 
Fisher Body Corporation 
American Propeller & Mfg. Co. 

Alexandria Aircraft Corp. 

Gallaudet Aircraft Corp. 

Thomas-Morse Aircraft Corp. 


Submit your drying problem to experts who make a 
specialty of kiln design and are prepared to furnish aod 
install all equipment and instruments. 


GRAND RAPIDS VENEER WORKS 
Grand Rapids, Michigan Seattle, Washington 














VA 


TYPE L-6 
AIRPLANE ENGINES 


Hall-Scott Motor Car Company 


West Berkeley, California 























FOVERY Liberty Aircraft © 
Engine built is equipped 


with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zemth users. 


Zenith Carburetor Co. 


NewYork DETROIT Chicago 








Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 


. — 


213 Lyon St., Grand Rapids, Michigan 








Contractors to United States Government 


mm The pioneer manufac- 
#) ture of airplane parts 
made from bar stock. 
a Any and everything 
pertaining to the man- 
ufacture of airplanes. 


Any Quantity 


A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 











AIRPLANE INSURANCE 
FOR THE 
Manufacturer—Flyer 


Fire—Collision—Damage to Property of Others 
Legal Liability—Life—Personal Accident 
Conservative Rates—Best Companies 


PHONE—W RITE—WIRE 
HARRY M. SIMON 


Insurance Expert 


81-83 Fulton St. New York, N. Y. 




















Warwick N()N-TEAR Acro-ctoth 


A SAFE CLOTH for FLYING 








For Particulars Apply to 


WELLINGTON SEARS & CO. 
66 Worth Street, New York 














CLASSIFIED ADVERTISING 


10 Cents A. —. gee | charge a 00, a able in advance. 
Address to box numbers, care AND AERO- 
NAUTICAL NONGINEERING, 22 East tith Sisest, New York. 











PROPOSALS FOR AIRPLANE ENGINES—Office of 
Contracting Officer, Eng. Div., A. 8S. McCook Field, Dayton, 
Ohio.—Sealed Proposals will be received here until 10:00 A. 
M., May 17, 1920, and then opened, for furnishing 4 Radial 
Air-cooled Airplane Engines, designed and built by the suc- 
cessful bidder or bidders, Further informaton on request. 














VAN MUFFLING & MARX. CONSULTING AERONAU- 
TICAL AND MOTOR ENGINEERS—Designs, Reports, 
Tests, Inventions analyzed and developed. City College, 
New York. 
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Navy Sale of Seaplanes 


A large quantity of scaplanes, spare parts and accessories are offered for sale by the NAVY at fixed prices. 
This is an unusual opportunity and should be given careful consideration by every one who is interested in 
aviation. 


PLANES ARE NEW---NEVER HAVE BEEN FLOWN 


and most of them are still crated as received from the makers. They have been well taken care of and are 
in excellent condition. We advise immediate action, as orders will be accepted and filled in the order in which 
deposits are received. The following are offered: 


HS-2-L TYPE FLYING BOATS—pusher H-16 TYPE FLYING BOATS—(pictured F-5s-L TYPE FLYING BOAT—essen- 


biplane, one Liberty engine of 300 H. P., above) tractor biplane, two Liberty en- tially same as H-16 (lot 2) but larger, 
wing spread (upper plane) 74 ft., total gines, of 330 HP each, wing spread gs ft., wing spread 104 ft., total area 1,397 sq. 
supporting surface 803 sq. ft. maximum total wing surface 1,164 sq. ft., maximum ft., maximum speed of 87 miles per hr. 
speed 85 miles per hr. . Sale price, $6,160 speed 95 miles per hr. . Sale price, $11,053 Sale price, $12,400 
AERC MARINE TYPE 39-B SEAPLANE 
MODEL 40 FLYING BOATS—pusher —tractor biplane, Curtiss 100 HP engine, BOEING SEAPLANES—tractor biplane, 
biplane,—one Curtiss 100 H.P. engine, wing spread 47 ft., total area 494 sq. one Hall-Scott roo H. P. engine, wing 
wing spread approx. 48 ft., total area 504 ft., maximum speed 72 miles per hr. spread 44 ft., total wing area 495 sq. ft., 
sq. ft., maximum speed of 70 miles per Sale price, $3,000 maximum speed of 73 miles per hr. 
D. tkdwnecetesheuda Sale price, $4,000 This we consider our best buy. Endorsed Sale price, $2,000 
by NAVY flyers as the safest and most 
CURTISS GNOME SPEED SCOUTS— easily operated seaplane. A manufacturer TYPE “R” KITE BALLOONS—Used 
complete with Gnome engine installed. is marketing a set of wheels and tail skid for observation and instruction purposes. 
Never flown. Packed in original cases. which, substituted for the pontoon, con- Towed by vessels and also flown from 
Sale price, $2,000 verts this into a successful land plane. SD kb déduatuciecsounn Sale price, $2,500 


Those who follow aerial affairs closely no doubt noticed a recent newspaper item which told of a record break- 
ing flight from Miami, Fla., to Bemini, Bahama Islands, by a seaplane, carrying sixteen and baggage. The plane 
making this record was a type H-16 flying boat (lot 2) purchased from the NAVY, and was originally designed 
to earry four persons. The sketch shows how it was converted to carry SIXTEEN PERSONS AND BAGGAGE 
at a cost of about $1,000 for the necessary alterations. You can do the same. 

















5 PER CENT OF PURCHASE PRICE--BUYS A PLANE 


Just send to the Bureau of Supplies and Accounts, Navy Department, 5 per cent of the amount of your order, with your order, 
and the goods are yours, subject, of course, to prior sale. This deposit can be certified by check or money order drawn to the order 
of the Paymaster General of the Navy, or the bond of a surety company acceptable as sureties on Federal Bonds. The balance shall 
be paid within 30 days after acceptance of your order. 


ENGINES AND SPARE PARTS 


In addition to the planes the NAVY is offering a number of sets of spare parts, at fixed prices, which can be purchased with or 
without a plane. ENGINES, new and _ used, are offered in an_ astonishing assortment and at prices equally astonishing. The list 
includes: RENAULT, HALL-SCOTT, CURTISS V-2, ISOTTA-FRASCHINI, STURTEVANT, CURTISS OX and OXX, GNOME, 
FIAT and the LIBERTY. The prices range from 175 to 2,000 dollars according to make and condition. 


Order From This Announcement and Avoid Disappointment 


Several lots included in the sale at the start are completely sold out, several times as many orders being received as there were 
planes for sale. Orders will be attended to in rotation as they come in, so we advise ordering from the descriptions given 
above. But for those who desire additional information tne NAVY has prepared a beautifully illustrated catalogue which will 
be sent free on request to the 


UNITED STATES NAVY 


BUREAU OF SUPPLIES AND ACCOUNTS 
WASHINGTON, D. C. 
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A Heritage of Traditional 
Thoroughness for Aviation 


Unfailing accuracy and unquestionable 
dependability in aerial accessories and 
precision instruments cannot be dissociated 
from aeronautical progress. Aeroplanes 
and practicable lighter-than-air maneuver- 
ing were mere dreams until these standards 
were repatedly attainable. They are the 
backbones of all sciences. 


The thoroughness and accuracy of 
Smith’s accessories and instruments is tra- 
ditionally absolute. Where a copper screw 
serves best, a copper screw is placed, 
irrespective of the economy or convenience 
of doing otherwise. 


A tradition is knowledge transmitted 
by word of mouth; a principle is settled 
law, involving uprightness and faith based 
on truth. 


These qualities in their highest forms 
were inseparable from the firm of S. Smith 
& Sons, (M.A.) Ltd., in the minds of 
the engineers who specified Smith’s ac- 
cessories and instruments for exclusive use 
by large units of the British Army, Navy 
and Air Forces during the tensest hours 
of the war. 


A FEW OF SMITH’S INSTRUMENTS AND 





ACCESSORIES 

Motor Clocks Spark Plug Testers 
Motor Watches otor Dash Aneroids 
Magnetos Dash Thermometers 
Speedometers Tachometers 
Altimeters Air Speed Indicators 
Wristlet Altimeters Time-of-Trip Clocks 
Aero Compasses, All Foot Tire Pumps 

types Motor Mascots 
Carburetors K. L. G. Spark Plugs 











Universally Trusted Makers of Instruments since 1841 


Leading Makers of Automotive Instruments since 1900 





S. SMITH & SONS, Inc., New York 


J. H. ROSE, Vice-President ~ 
154 Nassau Street Beekman 6217 


Head Offices: S. Smith & Sons (M.A.), Ltd. 
179 Great Portland Street, London, W |! 
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In the next issue of 
Aviation and Aeronautical Engineering 


an official announcement will be made of consumma- 
tion of plans for establishing an 


Aerial Transport 
Service 


which, it is hoped, will eventually serve all of 
the important cities on the North American Continent. 


The plans for this service have been developing for 
months and will vitally influence Civil, Commercial 
and Military Aviation throughout the world. 


These plans are worthy of the confidence and sup- 
port of all classes of Citizens, City, County, State and 
National Officials. 


The quality of the personnel is a guarantee that the 
enterprise will be directed by men. qualified by pre- 
vious experience to manage successfully any undertak- 
ing they are identified with. 
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ECONOMY 


Passenger carrying aeroplanes are being used by two hundred companies 
throughout the United States and a large majority of the passengers car- 
ried are first flighters. Most of the machines now being used accommodate 
one passenger and pilot. 


















You can add to the interest of the trips of those first flighters by enabling 
them to go up two at a time, increase your revenue 200 per cent and 
decrease your running expenses 100 per cent. 


The Farman Tourabout offers this doubly Valuable feature to passenger 
carrying companies. ~y 


Additional to these economical features is the fact that it can land and “‘take 
off” from a much smaller field than practically any other type of three 
place machine, and safety is one of its outstanding characteristics. 

















The FARMAN three-passenger “Tourabout”’ aon Se 


FARMAN 





e Represented in America by 


W. WALLACE KELLETT , 
1 WEST 34th ST. NEW YORK CITY 

















N determining the speed of 

the winds and the route of 

hidden air currents, UNITED 
STATES PiLoT BALLOONS and 
the theodolite have set a standard 
for accuracy. 


“Over There” -- UNITED STATES 
PiLoT BALLOONS displayed un- 
disputed merit by faithfully 
spreading American propaganda 
behind the enemy lines. 


Today -- these rugged rubber mes- 
sengers are playing a vital role in 
reliable weather forecasts and air 
tests for flying. 





United States Rubber Company 
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